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ASST FUC?

The object of this study was to obtain data relative to the close-
In ground level airborne and fall-out hazard associated with each de-
tonation in Operation JA7GL. For this purpo3e samples of the aerosol
and fall-cut were obtained from 46 stations located between 4000 feet
upwind and 50,000 feet downmnd. Several types of instrur*nts were
used in this study; filter samplers, cascade inpactors, oonifuges. par-
ticle separators, electrostatic prscipitator3. Brookhaven oontinuous
air monitors, Tracerlab continuous air monitors and fall-out trays.

The oovecentration of beta activity in th4 cloud near ground zero
a few minutes after the shot was found to be approximately 10-3 and
10-1 sairocuries per cubic oentim3ter for the 3urface and underground
shots respectively. The number cedlin diai.:.rs of the pirticle3 in
the surface and underground shots were 1.0 atid 1.5 micron. respectively
at stations 4000 ft. downwind, decreasing in both oases to loes than
0.1 microns at 50,000 ft. Data were also obtained on the variation of
activity with particle size, as well as the percentage of the number
of particles which were radioactive for both the aerosol and the fall-
out. In addition, a stucy of fractionation and its rAnifestations was
made.
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FOREWORD

This report has had classified material removed :n order to
make the information available on an unclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defensa Nuclear Test Personnel Review
(NTPR) Program. The objective is to facilitate studies of the
low levels of radiation received by some individuals during the
atmospheric nuclear test program by making as much information
as possible available to all interested parties.

The material which has been deleted is all currently
classified as Restricted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
is National Security Information.

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
and "holes" in the text. Thus the context of the material
deleted is identified to assist the reader in the determinztion
of whether the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurately
portrays the contents of the original and chat the deleted
material is of little or no significance to studies into the
amounts or types of radiation received by any individuals
during the atmospheric nuclear test program.
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The airborne particle sti.dies reported her-in .were undertaken
by the Chenical Corps tc answer questions which were raised reCard-
tIg the internal hazard auo to the radioactive particulate matter
associated with the t.lnud and base sur-e produced by a surface- and
under rcund detonation of an atorLc weapon. It is believed that
the data develcoed frcm this study will assist in evaluatin- the
relative importance of the internal hazard which can result from
such a detonation.
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CHAPTZR 1

INTRODUC,1IO:1

1.1 OBJEM17V

Mw primary objective of Project 2.5a was to conduct a study
of the airborne particulate matter resulting from a surface and under-
ground detonation of a nuclear -eapon and to dotenzine the follo-ings

1. Concentration of radioactivity in the aerosol and its

variation with distance from ground zero.

2. Variation of radioactivity with particle-size.

3. Tbe variation of the particle-size distribution with
distance from the point of detonation.

4. Total particles which are radioactive as a function of
particle size.

Seoondary objectives of this project were to study id.lalr
factors for the fall-out (factors which are inseparable from the
aerosol) and the phenomenon of fractionation 1 for both.

An indirect objective of the project was to ovaluate the field
performnce of the several instruments employed.

1.2 HISTORICAL /

Chemical Corps results from SAMDSTOI6 derived from ths caucado

Impactor indicated a predominance of particulate matter in the range Of
0.1 to 0.4 micron diameter, with some material in the range I to 10
microns* The long sampling period and the large integrated sample coli
locted left doubt as to the accuracy of the particle size meaa-remeats

1 Thse and coetain other terms used in this report are definod In
appendix A.

2 Bernard Siegel, Cdr H. L. Andrew,, USPHS, and Raymond Ko VMwopI,
Particle Siso of Material in Cloud, Operation SANDSTOI!R Task Group
7.6, Project Report, Project 7.1-17/RS(CC)-9, 30 Juo 1.948.
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Of the active particulates. Tracerlab results from Si S•TO1i 3,
dsrived from filters, indicated that in the frequency vs. particle
size graph the mode nccurred between 4 and 6 microns for particles in
the range of 2 to 10 mocron diameter. The limit of resolution of the
technique was approximately 1 micron, thus no observations were made
on particles less than one micron diameter.

Chemical Corps results from Operation GRCMEHOUSE ' derived
from the cascade impactor indicated that cloud samples taken at 16,000-
25,000 feet had a median size of approximately 0.3 micron. The results
from the U. S. Naval Radiological Defense Laboratory derived from the
electrortatic precipitrtor on this same Operation indicated a median
particle size of 0.15 aicrons.

In June, 1950, the Joint Chiefs of Staff directed the test of an
underground and surface nuclear detonation. The Armed Forces Special
Weapons Project requested the Chemical Corps to suhmit proposals for
participation in the tebt. As a result, Project 2.5a was developed to
conduct airborne particle studies on the aerosol resulting from these
bursts. Because of the large amount of ground contamination expected,
these tests provided an opportunity to determine whether there is a
correlation between particle size, isotopic content and decay rate,
and to evaluate the internal hazard associated with these types of deto-
nations.

1.3 AEROSOL SAMPLIG

It may be safely said that the sampling of particulate aerosols
is a field characterized by instrument design difficulties. And this
in particularly true of sampling aerosols containing large particles;
a condition which is produced by the detonation of atomic weapons near
to or under the surface of the ground.

/

The difficulties, roughly, are two-fold. First, is the problem
of introducing the particles into the sampling apparatus without preju-
dice with r'spect to particle size. This is the problem of obtaining
isokinetic flow into the sampler. The second problem is to remove the
particles from the air, again, without selecting for or against differ-
ent sized particles. This problem is usua.ly aggravated by the desire
to remove the pcrticlos in such a manner that they nay subsequently be
s'ubjected to size m.aasuremunts or other types of analysis.

3 Report on AnalySis Results and Conclusions Relating to Test Joe,
December 1950, Department of the Air Force Contracts with Tracerlab,
Inc., 130 Hih St., Boston, Mass.

SM Fl OUSE 6.1 Reinort. Unpublished.
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At the time of planning of this project there were a number of
sampling instruments in existence, none of which aatisf ied the first
criteria, but which partially satisfied the second critaria in a nur-.
ber cf ways which were suitable to the types of neasur3ments desirod.
For eximple, a filter sampler, in comwn usa in the Chc.aical Co,'p3,
.muld collect all particle sizes to b-3 encountared -Tith bEtt3r than
99.9 per cent efficiency, and would be excellent for the neasurcL:ent3
necessary to determine activity concentration data.

Due to the cost and lack of tine adjudged to be necescary to
redesign all desired instr-.snts for isokinetic flow, it -as deezsd
necessary either to reduce the number and type of sampling instruments,
or to use all instrumants as they were, even though sampling was not
isokinetic, A decision in favor of the latter course war made at an
early stage of planning. The crux of this matter was the extent to
which non-isokinetic sampling would affect the data obtained by the
instruments. Unfortunately, only a qualitative d1scu33ion of this
point can be mad% at the present tims.

Anderson 5 , working with cement dust less than 50 microns in
diameter, reported dust concentrations of 150 to 180 per cent of the
true concentrations in t~he samples taken at one-half of the stream
velocity and concentrations of 80 per cent of the trus value for :am-
plea taken at 140 per cent of stream velocity.

Figure 1.1 illustrates isokinetic flow. The streamlines enter
the sampling tube without distortion. Any other condition results in
deflection of the streamlines in the vicinity of the orifice, giving
samples which are either too low or too high, depending upon whathor
the ratio of sampling speed to wind speed is less than or greater than
one respectively. Figure 1.2 illustrates the sampling speed to wind
speed ratio of one-half.* In this case the sample will favor the largsr
particles. Figure 1.3 illustrates the sampling speed to wind speed
ratio of two. In this case tho sample ýrill fa-or the "'allor particles.

Table 1.1 indicates the deviations of the aamplers from isokinatio
flow, assuming the intake orifice i& po~nted into the -ind. (Not the
case in actual use) The averagi) wind speed at t4e Nevada Test Site
was approximately 5 miles per hour, or 1.34 x 104 =/Min. A value of
one for the ratio sampling speedrvind speod, represents isokinetic fiow.

3 rwvad Anderson, Wn the Qualitative Determination of Industrial
Gas Diasersoid-' Transactions of t Amsrtn .1n11. 2oMfd&
Sngineers, 34, 589 (1939)

-3-
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rig. 1.1 Isolinetio Flom

-Fig. 1,2 Ratio of 3=4 Speed to
MIAd speed 2.81;

-Tice 1*3 Rt-tio of 8ccor~.ng Apeod to
Wind Speed In 2

-4-
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Air 52--pling Speed r-.ta

Volur. Fl•s, S&=rplf- S1.'-mp34n- Sip lin'
Inatrmoer t Ra, rci Speed Wind bpwed

_________________ /rdn CM CM/rin _______

Filter Sampler 3.4 xl104 10 3.Ix 102 2.54x10-2

Cascade Inpactor 1.25 x 1O- 10 1.2 x I0 8.95 x Ile 2

Conifug at 6000 RP 2.2 x 0• 0.18 1.2 z 103  8.9,r x 60"2

Tracerlab Continuous
Mr rIonitor 7.4 x 304  13.2 5.6 x 103 "S x 10-

Brookhaven Continuous
Air M~onitor 9.6 x 104 10.4 9.25 x 103- 6.90 x l0-1

Particle Separator 2.83 x 104 52.8 5.38 x 162  4=x
Radiological Air

Sampler 5.0 0 0.6 7.9 z i02  s.94 z l0"

Electrostatic Pre-
cipitator 3.3 = 10 22 1.5 x l01 1.12 z 10o1

It must be roqmphas~id that the valuau given in Table 1.1 are
applicable only for the ca.•- of ths instrunx..t facing continually
into the wind Ise. as a weather cock. Actua.•lly the filtw sazlalrs
were mounted perpendicularl7 to th. radii from the zero point so th.at

in general on the "hot" loge thay jamplod teadsid3 to the wind uatmr.
This and the presence of the chaot =3tal hood (:ee Fi3. 2.1)9 terUsd
to rake this instrunt favor the =_Allear particlos. The ceacade
L-pactors -;re oriented d-'n tC. axi3 of r-dii f.r- the zero point
and on the *hot* loge were non-i.ki,.Atc to %pproxict.tey the daget
indicated in Table 1.1. All of tt.3 oth:r inatru--nts -re orientmd in
the vertical direction and thi ra , -.-- e c .lin• broadsid9 to th3
wind and in a =-nnr comparable tU the filtar -amplar, except that they
favored the viry largest p'rticlis -hich hAd a St•ka'1 fan velocity
greater than the horizontal -Ar.d -olocity.

19A RADIOACTIVITY MAU"3112'IT

"Adbile in nq investication of this nature al1 three kind. of
nucloe readiatiom can te of intarest# the hazard caul b the ism.
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2gcnumbcr of Barples, only' beta cou~nting was performesd in this

Prjet.I Thlex torptsuh assitien astaocetraio n psofnl

acivt inoth &era~ieols~ hi!tj ofS LOCEtor (uLrin asolt beta
disinteein~ rfate,, aV difiut ol.A ucrtityo7teore

of 20. crdan b zcrc- ain J I' reportd, betaodactivit daa 7#8ohciu'

In adito too Z th, *Abio.ut Beor-,12 corretion. UsNo corret1 Oigonsfo
MuIlf scatrin andt Tbsel &h o or (Oack Ridgssin wciare Xfmade.

i.sim 1947) p10. 1
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I7STRUMM~TS
t.1 F ILTER woMLE

The purpose of this instrume.nt was to filter the partioulate rat-
ter from a. known volume of the aerosol. By measurin~g the activity on
the filter paper and volume of air filtered, the average concentration
of activity in the cloud could be estimated.

2.1.1 Desig

The filter samplers uaed in the testa (see Fig. 2.1) con-
slated of a motor drivisn suction pum~p dravwing air through a filter pa-
per sampling area of 100 ou2.

2.1.2 Calibration

kll filter samplers were oalibratod at the test sit* with
a dry flow-rate mator. For the surface shot the flox rates of several
samplers were measured before and aftor the datonation. The -exults.
given in Table 2.1, show that for the quantity of m~aterial fitered there
iias no appreciable change in resistance of the paper before and attar the
test. It was therefore cousidered reasonable to assams that the flow-
rate remained constant during the sampling period.

The following codb was used In. describing the various fil-
ter s"mloer listed In Table 2.1. (For location of the stations. see
Figs. 3.1 and 3.2.)

X Consisted of I sheet Chemical Corps N1o. 6 piper and
2 sheets of No. 5 paper. This type waa usod on all
stations at distance@ greater than 4000 feet frog
zero, The sampler was located 7 feet above ground.

ItConsisted of I sheet Cal U No. 6 paper, 2 *heets of
Cal C Nc. 5 paper backed up by 5 sheets of No. 6 pa-
per. The 5 sheets of N~o. 6 paper cerved to out doav
the flow of air approuiratoly to I oubie toot per
minute while the filter sampler was operatifg at full
(24 volts) battery voltage* This type of sampler was
used w~ all s~taions up to and niailuding distanses of
4000 feot from ground zero. The sampler was looated
7feet abovo ground.

9 ,



G~_ _ 1..
,__ _ _ _ ,

_____ ____ \
/4/5

i - lo.

tJ . ............ ............... ... . tn i -- , ',,," 4 ... i ...



PRCJIECT 2.5&-l

TABLH 2.1

Filtor Sarmpl3r Data

Fl.ow Rate cu.t't/Min)
Station Location Before Atftor Purpoae of Agoncy
Numbesr and Type Surface ISurface Sample Por o'jf~."1.i'

Paper Shot Shot J naly3im

1 Ii1.18 -activity,docay NIM,TL
2 Xl1.36 damaged aotivity~decay NIHACC

by blist
3 zi1.32 - activity, NIH,LIkSL,ACC

autoradiograph
4 21 e.h- activity NIHTL
5 110.83 - activity ?IIHACC
6 11 1.36 - activity XNW.ACC
7 X1. 1.24 - activity NIH,TL
8 1 1.43 1.43 activity NIHTL
9I 1.28 - aotivity NIH,TL

10 XI 0.59 - acotivity 21H, TL
11 11 1.23 - activity HIHACC
12 XI 1.38 - activity NIH.ACC
13 X1 1.13 - activity IIIHACC
14 21 1.21 1.2C activity IIHACC

010.85 0.87 activity Ila
L 4.28 4.00 radiocheaietry TL
L1  4.06 3.75 radiochemistry ACC
A 4.14 3 .756 radinahemistry NIM

15 01 0.77 - activity Nis
A 4.28 - radicohealstry NIB
L 4.14 - radiooheuistry TL
Li 3.90 - r~xdicohomi~try &CC

16 Xl 0.90 - aCtjvtty~d3cay MfHTL
GI 0. 86 - Aotlvity.d.)cay 11H
L 1.11 - radloohe&Istry TV.

ILi 4.29 - radicohi3mistry ACC
17 11 1.75 - activity 31E.ACC
18 XI 1.32 - activity SIH.ACC
19 2 3.30 - activity NiH

G 3.30 -aotivity~decay NIS
20 12.86 2.86 aativityadeoay NIH.ACG

.7 9.12 3.16 aotivity NIB
21 0 3*30, - activity MIR

L22 1 3.45 1 jactivity~doaa:r I NII.??. -

U 1lm
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TABLE 2.1 (ooat'd)

Filter Sampler Data

00on. Flow Rate ufti
~ 4~E Before After Agen~cy

SSurface surface Purpose of Samle Perforn'ing
Q2 3 j Shot Shot Analysis

23 x 3.16 3.16 activity NIR,TL
24 x 2.73 - activity NIH,TL
26 1 2,83 -activity~decay N'TH,LASL,ACC

autoradiograph
26 X 3.67 - activity, autoradiograph NIH.LASL
27 1 3.43 3.40) activity,decay NIE,TL
28 X0 - activity, autoradiograph NIH,LASL
29 I 3.33 - activity NIH.TL

M 3.09 - ctivity, particle size TL
30 x 2.26 - activity, autoradiogrteph N13II~ASL,ACC

V 5.90 - activity, partiale, &s*z TL
31 1 2.65 - activity NIE,TL

M 3.57 - aotivity,partilol size TL
32 x 3.53 - activity,deeay

M 4.29 - activity~partiolo size NIH~decay
I33 x 3.20 - acti'vity.autoradiograph NIH.L&SL
*34 1 3.00 - activity~decay XIK.LASL,ACC

autoradiograph
35 1 3.12 - activity, autoradiograph NIH,LASL
36 x 3.51 - aotI.vity,autoradiograph NIH.LASL
37 1 3.63 - activity,autoradiograph NTULASL
38 I 2.b2 - aotivity~autoradiograph NIS.LPLSL
39 1 3.12 - aotivlty~autoradiograph NXR,LkSL
40 x 2.46 - activity, autoradiograph NM.LASL
41 x 3.0 - aotivity~autoradiograph N!IHULASL
42 I. 2.65 - aotivity~autoradiograph NIWI,L&SL
43 x 2.38 - aotivity,autoradiograph NIH.LASL
44 I 2.48 - activity, autoradiagraph NIHf,LASL,ACC
45 1 3.37 - activity, autoradiograph NIH.LASL
46 X 3.00 - activlty, a'toradiograph WIH.LASL

*plus molecular filter adapte..

-18
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0 Same as X in all respeots except that the fil-
ter sampler was located 2 feet above ground.

L,LlA Consisted of 4 shoots of Chemical Corps No. 5
paper. This is an 'open" paper and the pur-
pose is to obtain a large sample for radicohen-
ical knaly3is. The various letters designate
the reoei7ing agencias.

N Consisted of 4 sheets of polyfiber paper (Air
Force) paper. This is an *open" paper and the
purpose is to obtain a large sample for radio-
chemical analysis.

Equipment at stations of the surfaoe shot (I through 48)
was transferred to the oorreeponding stations of the underground shot
(101 through' 146). The handling of samples and analytioal work for
samples colleoted from the underground shot tests was the sams as the
surface shot, except that time did not permit the preparation of auto-
radiographs by the Los Alamos Scientific Laboratory.

The abbreviations of the receiving agencies are as fol-
lows$

ACC - Army Chemical Center
MIH - Wational Institute of Health

TL - Tracerlab, Inc., Boston, Uassaohusetts
LASL - Los Alamos Scientific Laboratory

2.2 THE CASCADE IPACTOR

To determine the size-distribution of any heterogeneous oloud.
a size-grading sampling method is desirable. -It Is also desirable to
subject the partioles to a minimum amount of physical strain as the)'
are collected The cascade inpactor. first developed and described in
detail by l1ay is particularly suited to these requironents. It size-
grades particles in a manner suitable for analysis with light and/or
electron mioroscopes and also colleots the larger particles present
(these being the most likely to shatter) at low velocities. The pre-
dominate disadvantage of the impactor is that it is not an absolute in-
strument, I.e., below a certain slse, depending on the geooetry of the
last jet and the physical propertiep of the particle Involved, the
probability of collection doureasee in a rather complex manner (but pre-
smably monotonio with respect to particle size).

TI. R. May. 'The Cascade Impactort An Instrument for Sampling Coarse

Aerosols% Journal of Scientific Instruments, 22 (Oot 1945) 187

- 13.-
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The performance of a jet in a cascade impactor is determined bythe effects of the previous stages and the flow rate through it, as
well as its own physical characteristics; thus the instrument must be
designed as a unit, each stage being compatible with both the preced-

ing and the following ones. Since the impactor is to wsmple effi-
ciently an extended particle size range (0.2-100 microns), five stages
were conridered necessary for suitable size-grading. The effective-
ness of each stage, tnd thew ,fore of the complete instrument will vary
with flow rate. Thus it is iecessary to maintain a suitable and con-
stant flow rate.

Although n~rror-sr jets rill impinge smaller particles efficient-
ly, one might readily assume that the narrowest possible jet should be
used for the fifth stage; however, supersonic flow cannot be obtained
in a jet of this type. Thus, the flaw rate cannot exceed a maximum
value, which occurs when sonic velocity is reached in the smallest jet.
In actual practice, this feature was used to control the flow rate in
the cascade impactor. If a narrower jet had been used, the flow rate
would have been reduoed correspondingly, thereby reducing the sampling
volume.

2.2.1 Design

A theory of impaction is necessarily based on the trajec-
tories of small particles in a moving fluid and extensive studies of
the factors effecting particle trajectories have been made by manY in.
vestigators 2 , 3 , 4 . An approximate theory of impaction, by BaurmashS et
al, is quite flexible, allowing immediate comparison of the efficien-
cies of various jet widths and velocities. This relation may be der-
ived by considering-a jet from which a fluid of density e , viscosity

2L'ny, Ibid
3 Joonctone and Roberts, "Deposition of Aerosol Particles from Lroving
Oar Streamc", Industrial and Engineering Chemistry, 32 (1940) 850

4Lcpple snd Shepard, "Calculation of Particle Trajoctories", Indus-
trial and Engineering Chemistr, 32
auuish, "Development of Continuous Jet Impactor Methods", UCLA 13,

AECU-208.

-14
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a, lit velocity V. is flowing in an approximately ciroular path
of mean radius of cu•rature R, as shown in Fig. 2.2. It takes any
particle roughly a time equal to

t 2V• (2.1

to traverse the quarter-oircle aro. In this tins it will have
drifted radially outward a distance x equal to

x :ut (2.2)

where u Is the Stokes velocity

u D a(2.3)

D is the lartiole diameter and a is the radial acoeloration and equal
to V2/4.

If it is assumed that the criterion for impaction is
that the radial drift distance z is equal to half the jet width d, then
it In possible to calculate the minimu partial* diameter Dmino which
will be impacted. Substituting and solving for D results in

36 )d
:mi 1 -- (2.4)

To check the validity of this formula, the experimental
values obtained by May, Johnston*8, and Casolla 7 were compared with

5 meo Ropos to University of Ill., Nigh Velocity Xmamotor for
Aerosols, 15 M.arch 1949.
T0. F. Cassells & Co. Ltd., Cascade Impaotor, Leaflet T7J, Ragut
Nouao, Fitsroy Sq. London W. I.

-15w1
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Fig, 2.2 Sche•r.tio Drawing of the Idealizod Flow Fram a Casoado
Impactor Slit. The slit length (into the paper) is
assumed to be muoh greater than the width w.
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those predicted by theory. The results were in excellent agreement.

The impactor lescribed by Voeglt-n and HodgeS was found
to be the most sturdy Impactor avail~ble and since it was designed so
that the jets could readily be interchanged it -ias deoided to modify
tho Hodges model to fit roquiremsnts for sam2ling at Operation JAI2GLE.
After some consideration it was decided to use the lot. 2nd, and 4th
jews of the original Hedge impaotor for the first, second, and third
jets of the new model and then to design two new Jets. The development
and performance of this modified Hodges-type impactor as well as re-
finements to eq. 2.4 have been previously desoribed in detail 9 .

A further important modification in this instrument was
the inclusion of slides with electron microscope specimen screens set
in recesses 1 0 . As a result, a slide assembly well suited for field
use was developed.

2.2.2 Calibration

Critical flow rates of the oascade impactors used are
shown in Table 2.2. The critical flow rates were determined using a
previously calibrated Dry Test Meter and a vacuum gauge. To be rea-
sonably certain that critical flow was attained, a vacuum of 18.0 in-
oh.s of mercury was required for critical flow.

Table 2.3 gives the calculated sizes of particles effi-
ciently removed for the modified instrument. Calibration of cascade
impactors for actual efficiency for various particle sites was not
necessary for this work duo to the heterogeneous density of aerosols
expected. The samples were analyzed by direct methods, i.e., measur-
ing and counting of each particle in a known representative area.

8Voegtlin & Nodge, Pharpooely and Toxieology of Uranium Compounds,
Vol. FI-1, p. 463,M w , 9.

9J, D, Wilcox, Delnand Dsvelopmat or a now Five stage jastr
CRLIR 92, ACC,

D9. D. Wilcox. low Sampling Tochnique, CXLIT 709 ACC, Vd.

- 17r
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JET NO. I
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Fig. 2.3 The Jets ot the Casoade IXpa•tor In -zploded Azrangement.
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TABLE 2.2

Cascade Impactor Critical Flow Rates

S a
4 Flow Rate Vacuum Between 04 0 o Flow Rate Vacuum Between

0 4 " (liters & Pump (inches 0 p"4 (liters & Pump (inches
V o per min. or Mercury) 1'.0 • per min. oa Mercury)

A 13.4 18.0 1 12.2 19.0
B 12.1 20.0 J 12.6 19.6
C 13.0 19.0 1 13.6 18.5
D 13.4 18.5 L 12.5 19.5
E 12.9 19.0 M 12.6 19.5
? 12.5 19.5 N 13.1 18.5
r, 13.4 18.0 0 12.1 19.5
r, 12.6 19.n PT 12.2 20.0

TABLE 2.3

Caaoade Impaotnr Jet Data(a)

Minimua Particle Diamter
Jet Jet Jot Velocity at Impaoted (DA. microns
No. Length Width Orifice j 9"2 7 5

I 13.90in 5.30 mm 2.83xlO-2 c/seo 18.0 11.0 7.4 6.2
2 14.35=m 1.38 m 1.05x1 3cn/seo 4.2 2.84 1.98 1.56
3 15.85,. 0.575nu 2.62xO13 os,'seo 1.77 1.17 0.84 0.3•
4 9.15•m 0.395mm 5.7SxlIo o/ec 0.95 0.85 0.47 0.347
5 4.05-a 0.290m 1. 77l0 4cws./ 1 0.47 1 0.32J 0.224 0.188

(a)p'la rate of 1.2.6 1/min

-19,
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2.3 CONIFUGE

The purpose of the conifuge was to provide a size-graded sample

of the particulates in the aerosol.

2.3.1 Design

The conifuge consists of a conical head centrifuge form-
8d by an inner and outer cone, arranged co-axially and separated by
a nLrrow annular spece through vhich a steady stream of aerosol is
drawr•, by the solf-pumping action of the cones, which are driven by a
motor at high rpz. The cloud s6anple is introduced as a thin film in-
to the annular space through a smill tube at the apex of the inner cone.
Since the particles are influenced by the transverse velocity of the
air stream and the centrifugal velocity of the rotating cones, they fol-
low a trajectory based upon their mass and terminal velocity. The par-
ticles pass between the two cones and deposit as a spectrum of particle
sizes on the surface of the outer cone which ti made of polystyrene
plactic with two rows of six evenly spaced screws whioh carry electron
microscope screens.

The thin filament of sampled cloud passing across the
gap between the end of the sampling tube and the apex of the inner cone
it in unstble a.,uilibrium and is easily displaced by an inequality in
the spacing of the two cones. The result is an uneven distribution of
the samples on the outer cone. Precise workmanship Is therefore essen-
tial in the construction of the centrifugal chamber and in the align-
ment of the whole apparatus. The design must also be robust enough for
this adjustont to be retained after dismantling for cleaning and re-
assembly. Good seals must be obtained around the base of the two cones
and around the base of the container. Poor seals give rise to leakage
which alter flow rates and destroy regularity of the size separation.
For a similar reason, the housing packing must be kept well oiled to pre-
vent leakage through the bearings. To maintain the desigred sampling
rate, both the sampling inlet and exhaust jet must be subjected to the
same external prossure. Figures 2.4 and 2.5 show photographs of the
oi-.ifuge employed at Operation JANGLE.

The disadvantages of the present Instrusent are (1) low
fla• rate and vertical orientation which precludes approximating iso-
kinctio cc:.ditic:as and (2) separation is dependent upon the density of
particulatos v.&ich ia likely to be heterogeneous in the aerosol. A*-
cording to -.- wyt.rll, "The depositing efficiency of the conifuge is 100

111. F. Sawyer, Porton Technical Paper, No. 84, (Porton, U. 1., 14 Dee.
1g,8)

.1 -.o
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per Oent under all conditions for all particles which do not encounter
the wpll@ of the sampling tube on entry or impact upon the inner cone.
Re-circulated particlec would, if present, show no size separation and
form a heterogeneous background to the main deposit".

2.3.2 Calibration

Recent laboratory testing of the conifue. has shown that
the rate of saLle flow is greater than was first assumed. Flow cali-

bration data sas obtained by filling a bottle full of aumonium chloride
emoke and drawirg the smoke through a 1.17 on inside diameter glass
tubiL: by the sclf-pLz-.pinG action of the oonifug.. The point of the
smoke was then timod as it flowed through 50 and 100 cm lengths of the

glass tubing and into the oonifuge inlet tubing. The flow rates shown
in Table 2.4 were obtained by the use of a "pipe coefficient" of 0.5
as suggested by Vennard1 2 for laminar flow (Re - 380).

TABLE 2.4

Conifuge Flow Calibration

Corrected
RPM Flow Rate

8000 315
7000 266
6000 218
5000 173
4000 150
3000 90

Operating the conituge at 5000 rpm gives a ampling
rate of 173 coc/ain with about 3460 oco/an of excess air recycled. The
low sampling rate is a serious liiitation. For good siz. separation.
the sampling rate must not exceed about five per cent of the total flow
rate (total voluwo oirculating between the cones). The design of the
Chemical Corps conifugo limited the speed to 8000 rpm when operating at
extcnded periods of time (2-3 hours). For shorter operating times
(20-30 =in.) the conifuee can be operated at 10,000 rpm. A calibration
curvo of rpm vs volt&Ce ims used to obtain required speeds in the field.

lMj.j . Yennard, ZMesntary Fluid iVhanios, (2nd ed) New York, Wiley

and $onso 1947. 7, p. 163.
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Test runs were made on the conifuge using a steel outer
cone uhich had two sliti covered by plastic slides along the slant
height of the cone. An aerosol containing spherical glass particles
vsas generated into a sampling chamber. Samples were taken with the
conifuge, and the particle size distribution -.as determined with a
microscope. Table 2.5 givos data obtained at a speed of 5000 rpm, a
sampling time of 6 minutos, and an air float of approximately 170 cc/ain.

TABLE 2.5

Conifuge Particle Size Calibration

Distance Particle
From Top Size

Edge (microns)

16i- 12 -6
20 6 -4
24 4 -2.5
28 2.5-1.8
32 1.8-1.1
36 1.4-0.6
40 0.6-0.4
44 under .4

2.4 PARTICLE SEPARATOR

The purpose of the particle separator vas to sample and fraction-
ate the aerosol &nd tall-out particulate material into size ranges by
means of a vertically oriented sifting device.

2.4.1 Design

Bach particle separator consisted oft

1. Eleven bronze wire screen sieves which were to frae-
tionate particles into class intervals of 37-43, 44-62. 53-81. 62-73,
74-88, 88-104. 105-124, 125-148, 149-176, 177-209 microns.

2. A porous stainless s'•eel filter to retain particles
larger than 1 micron.

3. A molecular filter to separate all the particles
Aioh pass throuar& the porous stainless stool disk.
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SIEVES
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i - MOLECULAR

TO PUMP

Fig. 2.5 Cross-sectional Drawing of a Partiale Separator

TABLN 2.6

Particle Separator Calibration

SFlow Ra=te (ou.ft/min
Station Before After After

,-.Sor Surface Shot Surface Shot Underrround Shot

8 0.89 0.87 0.80
9 0.62 - 0.45

it 0. a3 0.90 0.79
Il 0.82 - 0.81
20 0.88 0.83 0.92
21 0.89 - 0.85
23 0.89 0.85 1.00
24 0.93 - 0.94
28 0.95 - 0.94
29 0.98 1 1.02

0.82 - 0.90

- 2 4 A



PROJT 2.5a-1

4. •A rotary tope vacuum pump and hose conDection to the
particle separator to draw the particles through the apparatus. Air
was drawn through the pump at the rats of approximately 1 cubic foot
per minute.

The detailed desiga of the partial* sopar~ *#4" ,Ax .i
Fig. 2.6.,.,..

,~ ,.:

2.4.2 Calibration

Table 2.6 indicates the flow rate through the vattea fil-
ter samplers before and after each test. The results ahow that no appre-
ciable change in resistance occurred in the parrtisle separators during
the test and the rate of flow through the particle separator was constant.

2.5 ELECTROSTATIC PRECIPITATOR

The purpose of the electrostatic precipitator was to sample the
particulates. This instrument is not amenable to particle size determin-
ation unless microscope slides or screens are incorporated into the sam-
pling cylinder.

2.5.1 Design

This instrument weighs about 50 pounds and consists of a
mtal cylinder through which air Is drawn at the rate of 32 liters per
minute at a speod of 25 cu/seo. An electrostatic potential of 300 volts
was applied between an outside oollecting cylinder and an inside central
wire. The particulate matter is precipitated upon the outside oylindri-
cel shell. A schematic diagram of the collecting cylinder is shown in
Fig. 2.7.

2.6 CONTITOtS AIR MONITORS

The purpose of the continuous air monitors was to measure the vari-
ation in the concentration of activity in the air with time.

2.6.1 Brookhaven Air Monitor

A filter paper food system travelizg at 4 inches per hour
combined with a vauum pump (3.5 ou ft/ain) was employed to oollect par-
tioulates from the air. A strip of filter paper 3 inches wide moves
continuously at a predetermined rate over a rectangular sampling port.
(1 in. z 1-3/4 in.) The particulate material in the aerosol was filtered
oato the paper wiLoh passes under a shielded scintillation counter where

a'•e
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the activity was measured and a record made on an Esterline-Angus re-
corder. See Fig. 2.8.

.-No

Fig. 2.8 Brookhaven Continuous Air Monitor.
Count Rate Meters Omitted.

The rate-meter and recorder were housed in a shack whilethe air sampler and scintillation counter were situated in a four foot
shelf outside. A plastic cover protected the sampler from fall-out.except at the sampling port. The purpose of this procedure was to samU-ple the cloud and protect the air sampler as musch an possible. Cello-
phane sheet was read from 4L roll onto the re-wind spool of the air sam-pier between successive layers of filter paper to eliminate crose con-tamiination so that the f ilter paper could be recounted in the event Ofrate-meter or recorder failure. Rubber foam mats were placed under theelectrovic equiapment to reduce vibration. Electric power (110 volts#
60 cycle) was suipplied by a generator driven by a 2-cylinder gasoline
engines

-27
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The important feature of this instrument is that the
"sample is continuously collected c an area 1 in. x 1-3/4 in., the
activity measurement is made over a contaminated strip 1 inch in
width. and the radiation detector tube off-set approximately 5 inchesfrom the center of the sampling ports, which results in a 30
minute delay between sampline and significant counting. The total
time required for a one square inch (the size of the counter face)
of filter paper to travel the sampling port is 41.25 minutes. There-
fore an estimate of the activity in a cloud is based upon this per-
iod or sampline, which ends approximately 52.5 minutes prior to count-
ing and recording. A detailed discussion of the calibration of this
instrument is given in the Appendix.

2.6.2 Tracerlab Air Monitor

This instrument also employs an air pumping system
(2.6 cu.ft/min) with filter paper 6 inches wide traveling at 7 inches
per hour or multiples of 1/4A 1/2, 2, and 4 times this rate. Wax pa-
per was fed between successive layers of filter paper to prevent cross
contamination. A Tracorlab P-12 alpha scintillation probe and a lead
shielded Tracerlab TGC-I Geo-er-Yuller tube were employed to detect
alpha. beta and gamcn radiations. The output voltage from two linear
coUnt-rate meters was recorded on a two point chart recorder manu-
factured by tho Brov.wn Instrument Company. The entire unit was housed
in a metal cabinet and located in a shack with two air intake pipes.
12 feet long, extending from the instrument through the roof of the
shack into the atmosphere. See Figs. 2.9 and 2.10.

The important feature of this monitor was that the radia-
tion detectors were located directly over the sampline ports (2.25 in.
diameter) and the activity was measured over this circular area. Inas-
much as deposition of the aerosol and countine occurs simultaneously,
ro time lag occurs. Howeover, it may be noted that the counter reading
at the time of deposition is not the same as when the tape is replayed
through the instrument at a later time, despite correction for radio-
active decay. A detailed discussion of this and other problems of in-
strumont calibration may be found in Appendix C.

2.7 RADTOLOGICAL AIR SA.PLER

The Radioloicl Air Sampler (RAS) was a modification, for Opera-
tion JA.;LE of the Portable Air Sampler (PAS) used previously by Test
Divicion, CRL and T'uviuy Proving Ground, Utah. Its purpose was to pro-
viie an intormittent type or sampler capable of collecting a radioactive

-28-
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aerosol as a function of time. As the sampler oontains its own 6 volt
DC power supply, the necessity of laying long power lines is avoided,
thus simplifying its installation in the field.

2.7.1 Design

The general layout of the components of the RAS are best
seen in Fig. 2.11. This instrument wAs surmounted by twelve plastic
"molecular" filter 1 3 assemblies through which air was pumped sucoess-
ively for ten minutes by means of a rotary solenoid air valve controlled
by a cycling mechanism. The sampler was started five minutes prior .to
shot time by a signal which closed a 24 volt DC latching relay. Each
filter in turn sampled the air for ten minutes and then the instrument
automatically turned itself off. The complete design details of the
RAS have been given previously1 4 .

2.7.2 Calibration

Calibrations of the instruments at the test site were
side by using a molecular filter assembly in the line of flow. The flow
calibration data was obtained using a Dry Test Meter and is shown in
Table 2.7.

TABLE 2.7

Radiological Air Sampler Flow Calibration

RAS Flow Rate
Code Liters/minute

A 0.380
B 0.385
C 0.445
D 0.445
3 0.440
F 0.440
H 0.445
I 0.460
K 0.440

1 3 Aloxander Goetz, "Molecular Filters", Repo• t of Sy ostum III, Aero-
sols, Chemical Corps Technical Cominand, hemical Center, Md.
4 April 1950.

14j. D. Wilcox, W. R. Van Antwerp, C. S. Elder. A Ra oio 4 Air Sam-
pier - A Modification of a Portable Air Sawler.L interi R '.-

uC 12 Apr 52.

30A
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Fit. 2.11 Radiological Air Swapler, Showing Filter
Heads, Rotary Air Valve, Pump, Ti•ming
Yochanimi, and Battery.

2.8 FALL-OUT TRAYS

The purpose of the fall-out trays was to collect samples of the
fall-out for particle size distribution, activity measureaents and radio-
chemiol analysis.

2.8.1 Design1

Wooden trays 23x36x2 in. with an effective exposure area
of 21x34 in* were lined with thin shoots of polyethylene plastic approxi-
matoly 0.001 in. thick. The trays were located on top of 7 feet high
towers and 8 feet high shacks and oovered until approximately 12 hours

- 31-
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before the test when all covers were removed. Several trays were lo-
cated on the ground wherever shacks were not available or the NRDL
thermal precipitator occupied the top of the tower. After the test
the trays were covered, returned by truck to the rear area, and sev-
eral hot particles removed for microscopic analysis at the test site
by personnel of the Army l.edical Center 15 . The remainder of the sam-
ple was ba.ged, crated, and returned by air to the ACC for particle
siZe analysis and radiochemistry.

A possible disadvanta+pe of the fall-out tray was the un-
certainty of the amount of material blown out of or into the tray.
Three trays were exposed to atmospheric conditions in the test area for
Several days and the ano-wit of dust accumulated was too small to be
weighed on a torsion balance. On this basis it was reasonable to as-
sume that under nor'til conditions at the t~st site, insi-nificant a-
mounts of material were blown into the trayA FIgure Z.12 shows a fall-
out tray in position at a typical station.

• 'w - '* ° -. "- / .

, 06

i+ • • - .d..-• r .... •-..+,---

*l+ " ' l- + £ • I ' ° .I .

•D. Yaxwell, Radiochomical Studios of Large Partioles, Project
2.5a.Operation JANGL-Army Medical Graduate Schoel, WashiugtonD.C.
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EXPERIMUTAL PROCEDURE

3.1 STATION LLYOUT

On the basis of pre-ehot meteorological data accumulated at the
test site. 46 sampling stitions were located for each shot as shown
in Fig. 3.1 and 3.2. The general layout for each shot was the same,
however minor changes in position were made to take advantage of
differeuces in ground elevation. Equipment was secured to steel
toarers which were bolted to concrete foundations (this considerable
overdesign of equipment was the result of the change from Operation
WTIMSTCRM to JAN(LE) within 4000 feet and wooden foundations beyond

CCO feet of the zero point. Sampling was done at 7 feet and 2 foet
above the ground. Figures 2.11 and 3.3 illustrate the appearance of
typical stations of this project.

3.2 DISTRIBUTION OF SAPLMING EQUIF•_T

The following items of sampling equipmnt were usedl

1. Filter sapl

2, Cascade impactor

3. Conituge

4. Particle separator

5. Eleotrostatio precipitator

6. Continus air monitor

7. Portable air sampler

S. Fal-out tma

.33.



I

-FOJZDT 2.5&-l

0 $ 0 00 '0,004

, • •SURFACE SHOT
FEET J,

M1-9. 3.91 Surface Shot Station Layout

34-



PHOJ=T g.5a-1

FEET

Figs ,.2 Uridtrsoiad Shot 3tation Laput

-35AC



PR04TECT 2.56-1

IA 
it

I.c 33 Tim sapingsato

and-'C Squi-4Tt Grun

ZwoCa B sft

36. 11



PROJMT 2.5a-1

A

C4~

0 3

Ntt
4- 11

In1I'

u o7I
II I..

I.



PROJECT 2.5a-l

Table 3.1 shows the manner in which the equipamet was dis-
tributed. This distribution was based on a prior study of the
weat:her, and the number of samplers available.

S3.2.1 L 'yýcal_ Stn-.ian

The folloring instruments represent a typical tower
inre-allation; filter sampler, cascade impactors, conifuge, and par-

ticle separator. One 24 volt battery rated for 35 ampere hours was
placed at each satioon for each piece of equipment requiring a
24-volt mzor. Each mot-or required 10 ampere hours. On6 hundred Md
tc". volt AC generatorsi rate.d at 3 KX were used at stations T•hich
requ-ed continuous air m=x'.itors-, electrostatic precipitators or AC
M-:t~ors,

3.2.2 "• .-.- n

At shot time minus 5 minutes a relay was closed by a
signal which activated the clock relay and turned on the power supply,

It is of interest to discuss briefly the clock which
controlled the smpling period of the instruments. Figure 3.6
shors the 8 da- cloci: mechanism employed. It is of a type which
cOn be sct to open or closc a relay for any hour of a particular d:7.
Since shot time could not be accurately forecast, the following modi-
fications were madc to allor flexibility in the time of firing. Ons
end of a rigid wire was fastened to the closing latch of a relay and
the other end was inserted in the balance wheel of the mechanical
clock; the clock was then roud and set so that the mia" switches
were closed and the relay was open. When the relay was closed at
shot time minus five minutes, the rigid wire attached to the closing
latch was pulled away from the balance wheel and the clock was started,

At shot time plus one hour and fifty-five minutes the
clock mechanism opened the micro switch and caused the relay to open,
disconnected the power supply, and stopped the sampling apparatus.
Yiguro 3.5 givus the details of these circuits.

The cascade impactor required a separate timing device
becauso it was necessary to sample for 1 minute when the cloud had
arriv0d at the station. See Fig. 3.6. A longer sampling period would
have providod excennivw srple rhich could not be analyzed micro-
scopically for particle size distribution.

,361
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The triggering device was a Beckmn MX-7B radiation
detection alarm that was 50 par cent discharged and modified so that
it would close a micro switch after being exposed to 50 milliroentgens.
The alarm was placed on top of a tower and shielded in a well of lead
brick, 8 inches thick and open at the top, thus it would presumably
Mly be discharged by the radiation from the cloud.

After the cloud radiation discharged the UX-7B and
closed the micro switch, the power relay was closed and supplied
power from the 24 volt battery. The left pole of the relay upon
closing shunted the 1.2-7B micro switch out of the circuit thus
elilfinating th'e possibility of its opening due to low current capacity
and causing the circuit to function improperly. The right pole of the
relay performed two functions upon closing; it connected one side of
the battery to the cascade impactor motor and started the cascade im-
pactor since the other side of the battery was connected to the motor
through the left pole of the relay, and it also placed the clock
3olenoid coil across the battery. When this solenoid was placed
across the battery it drove the plunger against the start button of
the mechanical stop clock ard started the clock. The sweep hand of
the clock was arranged so that after one minute it came in contact
with a terminal connected to one side of the battery and thus placed
the coil of the relay across the battery through the sweep hand and
threw the relay to the por-ition opposite of that shown in Fig. 3.6.
This action opened the cascade impactor circuit and at the &ame time
shorted the terminals of the battery across the 30 ampere fuse; the
fuse blew, and the battery was removed from the circuit eliminating
the chance of the circuit recycling.

3.3 COLLECTION AND SHIPIOIT OF SAMPLES

3.3.1 ' Surface Shot

Sample collections stayted after 4 hours and were com-
pleted within 30 hours after detonation. Rapid collection was
possible due to the fact that all stations were lightly contaminated
with the exception of those stations in the north-north east sector.
Collections along these "legs" wore deferred for approximately 20
hours to permit the area to "cool off". No pick-up team accumulated
more than a 1 roenttcn for the tct; the mXimm allowable 1ose for

each test being 3 roontgens.

The collection of samples was accomplished by 8 groupmj
each consisting of a group leaders assistant, and a radiological safety
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monitor; and each responsible for approximately 6 stations. In-
dividuals wore protective clothing furnished by the radiological
safety organization at the test site. This consisted of cotton-
khaki coveralls, white skull cap, gloves, booties, respirator, and
masking tape to seal the trouser-bootie opening. Personnel handlad
the sampling instruments with gloves. Filter sampler papers and
portable air samplers were placed in v-ooden boxes and returned to
the project office at the test site. The National Institute of
Health (NIH) laboratory at the text site started activity measure-
ments on filter sampler papers approximately 12 hours after shot
time and completed measurements within approximately AS hours.

Cascade impactors, conifuges, and particle separators
were removed from the towers and the impactor slides and conifuge
liners were removed in a dust-free room.

All samples were shipped iD wooden boxes by military
air to either the Aruy Chemical Center, 14d. or Tracerlab, Inc.,
Boston, Mass., and analytical work was started approximately 5 days
after shot time.

3.3.2 Underground Shot

Sample collections were started 6 hours after shot time
and were completed 4 days later. Slow collection was necessitated by
the fact that any stations were heavily contaminated. As in the
surface shot, the heaviest contamination occurred in the north-north
east sector, and entr- into this area was delayed about 4 days.

The procedure of handling samples on this test wag
similar to the surface shot. Activity measurements were started 12
hours after detonation.

3.4 mEATMENT OF SAMPLES AT ACC

Shipments received at the Army Chemical Center were opened,
disassembled, and distributed for analysis among the various groups
in the Chemical and Radiological Laboratories according to a pro-
arraLved plan. Cascade impactor plates and conifuge cones were re-
moved in a dust-free room and alalyzed for activity and particle
size* Laboratory analysis started approximately 8 hours after the
receipt of samples at the ACC.
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CHAPTER 4

DATA AND RESULTS

4.1 CONCENTRATION OF ACTIVITY IN THE AEROSOL

4.1.1 Filter Samler

Approximately 46 filter samplers were employed in each
shot of Operation JANGLS to obtain samples of the aerosol from which
activity concentration data could be derived. As described in para-
graph 2.1, these instruments sampled for a period of from 5 minutes
before to 115 minutes after shot time, and yielded basic data in the
form of filter papers upon which was deposited a measurable amount of
radioactivity.

The average concentration of activity at each station
over the interval H/O to H/115 minutes could be computed by dividing
the measured activity (corrected for decay) by the volume of air sam-
pled in 115 minutes. However, in order to obtain the concentration
of activity in the cloud, it was necessary to know when and how long
the instrument actually sampled the cloud, information not obtainable
from the filter sampler itself. It was oriwinally planned to deter-
mine these quantities by an examination of aerial photographs and the¶ ,NBS ge-a intensity data (Project 2.1a), but after careful study of
records from both these sources the conclusion was reached that this
determination would be possible foir only five stations, all in the
Underground shot. The difficulty arose in defining the "edge" of the
complicated cloud structure either visually, or in terms of the gam-
ma intensity. This was particularly true for times later than about
15 minutes after either shot, and for directions other than downwind.
For example, from the photographs, it appeared that many crosswiud
stations never sampled the cloud, even though fair amounts of radio-
activity were found on the filter papers from these stations.

To estzimate the concentration of activity in the cloud,
then, it was first necessary to estimate when and how long each fil-
ter sampler sampled the cloud pruper. This has been done by assuming
a reasonable model of the cloud, based upon the data obtained from
aerial photographs, and calculating when this cloud arrived and de-
parted from each station. The elapsed time and length of sampling
time were then calculated and conpared with the figures used to cal-
oulate the 115 minute concentrations, resulting in factors which
could be applied to the latter to give the concentration in the olt.ud
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proper. These factors were employed in order to emphasize the effect
of these calculations. It should be noted that the cloud model, be-
cause of the restrictive assumptions regarding its size, was applied
o01ly to the downwind stations.

The following is a description of the cloud models

At zero time a cloud of diameter do is rapidly created.
This cloud drifts downwind in a straight line, the velocity of the
center of the cloud V being a constant 5 mph, or 440 feet per minute.
The subsequent cloud diameter d increases with time, and hence with
distance from rround zero r according to the equation:

d a do / 0.1(r)

The arrival time of the front edge of the cloud at station whose dis-
tance from ground zero is r is,

and the arrival time of the rear edge of the cloud

t2 Z r L/

The length of time of sampling is

t2- tl :

The elapsed time between zero time and the time at which this sampl-
ing took place has been ohosen as

46 -
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The observed initial diameter of th. cloud wast

Surface Shot = 880'
Underground Shot = 3750'

Table 4.1 presents the results of these calculations for the appropri-
ate distances from ground zero. The factor fl in column 5 is the ratio
of the 115 minute sampling period to the sampling period determined on
the basis of the models

fl:

The factor f2 in column 7 is the activity correction that must be ap-
plied to correct the activity from E/60 min. (see next paragraph) to
H / Atj--2 minutes. The product flf 2 therefore, is the correction fac-
tor that must be applied to the 115 minute concentration data to obtain
the approximate concentration on the cloud proper. Table 4.1 also
gives the arrival of the front and rear edges, respectively, of the
cloud at the only stations where these could be observed from the aerial
photographs.

Tables 4.2 and 4.3 present the average concentration of
activity over the 115 minute sampling period, (col. 3) together with
the data required for this determination (Cols. 1 and 2). It will be
noted that the selection of H/60 minutes as the time to which the activ-
ity for all stations is corrected is an arbitrary selection. The 115
minute concentrations have been plotted on a station layout in Figs.
4.1 and 4.2. From these plots stations were selected at which the con-
centration of the activity in the cloud was calculated. The latter
concentrations and the factors which produced them are listed in cola. 4
and 5 in Tables 4.2 and 4.3.

Activity measurements were made on Chemical Corps type 6
filter paper initially by NIH at the Nevada Test Site within 100 hours
after each shot, using a Model PC-1 proportional counter made by the
Nuclear Measurement Corporation. Second and third papers were radio-
autographed in many cases and found to be free from activity. In the
few cases where activity was observed, it was attributed to leakage
through the edges of the filter paper package since the filter paper it
99.97 per cent efficient for 0.3 micron particles at a flow rate of 32
liters per minute through 100 square centimeters area.
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TABLe4.1

Calculation of Saupling Interval and Elapsed Time
on the Basis of Cloud Model

r1t t 2  t 2 -t~ f2  12
(foot)_(m~in) (min) J(min I1f (z~ln ___j2

Surfa ca Sho t,

2,9000 3.3 5.8 2.5 46 4.3 24 1.1 x 1 o-
3,000 5.5 8.2 2.7 6.7 1 6.0 X 162
4,000 7.6 10.5 2.9 39 8.9 10 3.9 X 162
6,000 11.9 15.3 3.4 4 13.5 6.1 2.1 X 102
8,000 16.3 20.1 3.8 0 18.1 4.2 1.3 X •02

11j,000 22.9 27.3 4.5 25.0 2.9 7.5 X 101
14,000 29.2 34.4 5.2 31.7 2.2 4.8 I 01
20,000 42.1 48.? 6.6 7 45-4 1.4 2.4 I 10
30,000 63.7 72.5 8.8 68.0 .86 1.1 X 3.01
3.000 107. 120. 8- 8.8 113.0 1 4513-9

2,000 .9* 9.2* 8.3 13.9 3.0 37 5.2 I 10'
3,000 2.3 11-.4. 9.1 12.6 5.1 19 2.4 X 1o2

2.1-N 11.5
4,000 4.4 13.7 9.3 12.4 7.8 12 1.5 X 102

4.1* 13.7*
6,000 8.8 18.5 9.7 11.8 12.8 6.5 7.7 X 101

8.5* 18.3*
8,000 13.1 23.3 10.2 1-.3 17.5 4.4 5.0 X 101

11,1000 19.6 30.5 10.9 10.5 24.5 2.9 3.0 X ic,1
14,00 26.0 37.6 11.6 9.9 31.3 2.2 2.2 X 101
20,000 39.0 51.9 12.9 8.9 45.0 1.4 1.2 X i01
30,000 Y60.6 75.7 15.1 7.6 67.8 .86 6,5
50,000 102. 123. 21.0 5.5 112.0 .47 2.6

* Valu.us ob-,'rvAI .from aerial photographs.
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TARLI 4.2

Filter Sampler Concentration of Activity, Surface Shot

Activity Toluma Sampled Average Cone. Cone. of
at H t 60 Between Zero of Activity Factor Activity

Station minutea nd H * 115 min. over 115 min. in Cloud

63 flf2 3
J- c3 X 1,06 CmcM1 ,4;3 X le 4.1 1.o x 10o• I 111 1 • 1o-;I

2* 8.1 4.6 1.7 x 106 I.lx 10 2 Xloi-3
3 2.1 4.4 4.4 110-7
4* 1.0 2.5 4.1 107-
5 7.81X(10 2.8 2*7 110-9
6" 1.9 X o`- 2  4.6 4.2 x.6-9
', 3.3 4.2 7.9 , 10c7- 6 .o) xD x 5 o-'
8 2.5 4.8 5.2 110-7 6.ox102 3 Xi
9 5. x•o 1 4.3 1.3 X 0 7

10 5.6 I 10-1 2.0 2.7 10-7
11 6.9 I 10- 4...1 1.6 x 10"10
12 1.2 X 10"3  4.7 2.7 I 10-10
13 3.8 3.9110
14 2.2 4.1 5.3 X I"0- 3.91102 2 10"4
15* 9.9 I 10- 4.0 2.5 X
16 9..1.10"J 31 3.0 x 10-7
17 0 4.3 0 I0
18 49 x 1r 4.5 1.1 1
19 1.6 11.1 1. * o4-,X 67 12
20 9.7 2.1•I0
21 4.4 11.0 3.9 X 10-7
22 4.8 11.7 4.1 x 1-72 1..4 • 101 10.6 1.4 X 164 1.3X3,o2 2 X 1o"4

25* 1.3 X 10 ? .6 1.4 o 10
26 4.1. -L-L.1 3.1, 10-7
27 le6 110- 3.1.6 1.4 X10-6 7.5 X10I1 X 10-4
28 6.6 Io0- 11.60 6.0 10-10
29 22.6 101 11.13 2.3 0 i .eX3c 1 10-4
30 4.7 7.7 6.1 X 10i-7
31* 6.6 X 10-" 8.9 7.4.1 1010
32 7.8 X 10-' 12.0 6.5 1 10-0
33 11.9
34 3.6 10.2 3.5 X 10"7
35 4-5 10.6 4.3 X 10-'7
36 4.7 11.9 3.9 10'?7 1.11 X01 4 X0-6
37* 2.6 I0 12.0 2.2 104 _4

S."• owft did not function properly.
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TAUE 4.2 (Contd)

Activity Volume Sampled Average Conc. Conc. of

at H + 60 Between Zero of Activity Factor Activity
Station minutes ad H + 115min* over 115 mn.,n in Cloud

AC cm3 x 106  c3 c

38 1.8 8.6 2.1 X 107
39 4.1 10.6 3.8 X 10" 3.9 1 x 10o"
40 1.3 8.3 1.6 X 10"-
41" 2.8 X 10 10.2 2.7 X 10"9

9.0 5.7 1 10-842 5.1x1,10 9. 7I0
43 0 81 0

44 .. 7 1 10 8.2 5.7 1
45 3.2 X 10 11.4 2.8 10i1

46 2.8 X 10" 10.2 2.8 XI10-_

* Instrument did not function properly.

TABIZ 4.3

Filter Sampler Concentration of Activity, Underground Shot

Activity Volume Sampled Average Conc. Conc. of
at F + 60 Between Zero & of Activity Factor Activity

Station minutes H t 60 Mn over 115 min. in Cloud

jW cm X1
6  

______f 1 f 2

1. 5.2 X 102
102 3.6 x 10 2  4.6 7.7 x 10-5 5.21 102 4 X 10-2
103 4.4
104 5.5 X 10-1 2.5 2.1 11i-7
105 8.5 12.8 3.0 1I0
106 4.0 4.6 8.6 X i0ý- 0
107 4. X102 4.2 1.0 o10- 2.41103 2 X 10o
108 4.6 1 1&3 4.8 9.5X130-4 2.4 X102 2 X B-3
109 2.9 1102 43 6.8 X 1- 5

110 5.2 X 10-1 2.0 2.5 X 10-7

112 2.8 4f-711
113 4.68* 5 X102
1.14 i-412.8 x 135X102 4. X10h3
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UA13 4.3 (Contd)

Activity Volume Sampled Average Conc. Conc. of
at H 4 60 Between Zero & of Activity Factor Activity

Station minutes H ,+ 60 Min over 115 mn. in Cloud

3 16 fef 2  3
___gin em - . 10 __ __ _ __ _ __ _M__

116 7.3 110w- 3.0 2.4 X 3;
1.17 2.2 4,2 5.1 x I
118 12 14.4 2.6XlO"
119 1.21X101 11.1 1.3 X10ý
120 45X10 2 9.7 4.7 I10-5 7.7 X 101 4 X 10-3
121 4.3110;2 11.0 3.9 X10-5
122 2 6 X10-2 11.7 2*2 X161 -
123 1.1 I 5-4 10.6 1.0 x le 50. x- 1 5 x
124 4.0X1 9.2 43 x10"5
125 2.9 I1 9.6 3.0 110
126 12.1-
127 7..+1103 11.6 6.4IX10~ 3 .01X10L 2 X10~
128 1:4Xii-; 11.0 Ie3 X10-5
129 8 8 X163 11.3 71.8Ix16"i 2.2 1101 2 XI0-ý'
1,30 7.5 X16l 7.6 9.8 X106-
131 8.9
132 2.8 12.0 2*3 X10-7
1.33 .821
134 2.9 30.1. 2.8 I 10- 1
135 1o.6
136 11.9 65
137 4.6 12.0 3.8 X 1067
138 8.5. -6
i3 i.o X 102 l.6 9.9 X10 2.o 3 X 10
140 9.2 9.2 1.11106

141 10.1
112 2.1 9.0 2.4 IX 10
143 7.9 8.0 9.8 1 1-0
14 1 101 8.2. 2.6 016-145 i3* X 10 -1*n4 3.2 1107
146 90.6I1X 'e 10.1 9.1. x10-10
U? 9.91101 11.0 9.01

S. .... . . . , I , , ,, , , • .. . . _ .41l
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Al: activities were corrected to a comon time by means
of a decay curve obtained from a single station. Unfortunately approxi-
mately 40 per coat of the filter papers from both shots wore too active
to be oounted by NIH; these were sent by military a t roraft either to
Tracerlab or to ACC, where they were counted bet-men 120 and 600 hours
after the shot. Lt these two laboratories activity measurements were
corrected to a comnon time (ACC, 74400 hours, Tracerlab, H/600 hours)
by means of the decay curves from the individual filter samplers.

Extrapolation of activity data back to very early tites,
was accomplished by use of the decay curves obtained by jlHI from cra-
ter and lip samples. These are presented in Fig. 4.3. The experiment-
al data from which these curves were derived began at approximately
H/4 hours and continued to about H/2000 hours. Extrapolations have
been made to 3/0.1 and H/10,000 hours.

Wherever possible the decay slopes from these uIaster"
curves wore compared with the decay slopes obtained at various time in-
tervals from several filter samplers and various other equipment and
agreement was considered matisfaoty-'r Exact agreement is not achieved
because of fractionation (See Par. %.ý.3) which influences the decay
slope of samples taken at variouc distances from ground zero. Th3 use
of a single decay curve for all the filter sampler data thus introduces
an error in the extrapolated activities.

4.1.2 Air Monitors

Three Brookhaven continuous air monitors (BCAM) and six
Tracerlab coatinuous air monitors (TCAM) were employed to measure the
radioactivity of the aerosol for both shots of Operation JANGLE. Ta-
ble 4.4 summarises their operation. It can be seen that a large num-
ber of failures occurred which were attributed either to failure of the
110 volt motor generator set2, or mechanical failures of the instruments
themselves. These latter difficulties wore largely due to the delicate
nature of the monitors under the severe conditions of the 'Tovada Test
Site and the receipt of the TCAMs only a week prior to the surface shot.

For the surface shot, the SCAM at station 38 (30,000 ft.
NE and defiladed by a ridge from the zero point) furnishes an interest-
Ing record as shown in the "raw" data plotted in Fig. 4.4. Of particu-
lar interest Is the occurrence of a "pip* approximately 5 minutes after

1Letter from NTMO dated 7 February 1952.
2 The large quantities of fine dust at the Test Site tended to rapidly

foul the spark plugs.

-%, 53-
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TABLZ 4.4

Air Monitor Operation for 8urfaee and Underground Shots

Station Instrument Operation

Number

36 ECAM Defective rate meter prior to test
37 BCA! MLotor generator failure

38 BCAM Vacuum leak, qualitiative data

29 TCAM Satisfactory
30 TCAM Shear pin failure, data obtained
31 TCAM Motor generator failure
39 TCAM Satisfactory although off scale
40 TCAM Mechanical failure
41 TCAN Motor generator failure

136 BCAM Motor generator failure
137 BCAM Capstan frozen to sampling port
138 BCAM Imperfect filter paper t

129 TCAM Mechanical failure
130 TCAM
131 TCAI "
139 TCAM Recorder broken, replay da%

obtained
140 TCAM Satisfactory
141 TCAM Satisfactory but .lOw concentration

- 56 -
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zero time (0900 hours PST). This "pip" appears to be identifiable only
as external gamma radiation from an. overhead cloud whose average 'speed
was about 20 mph 3 . Fig. 4.5 presents the same data converted to micro-
ouries per cubic centimeter by the methods described in Appendix B to-
gether with appropriate allowances to instrument time lag. The maxi-um
at 1000 hours corresponds to a ground-level cloud speed of about 5 mph.
Unfortunately the exact flow rate through the instrument is in doubt
due to damage to the vacuum line right angle bend which could not be re-
paired prior to the zero hour so that the data of Fig. 4.5 must be re-
garded as approximate. It is interesting to note that the rate of change
of the ground-level oloild activity concentration appears to have been as
rapid as the BCAM was able to measure. It would thus appear that the
BCAM in its present form is not well suited to monitor such rapidly chang-
ing concentrations.

For the surface shot, the Tracerlab Continuous Air Monitor
(TCAM) at station 29 furnished a record of events which are plotted in
Fig. 4.6. The cloud apparently arrived about an hour after shot time
and either remained there for a number of hours, or as appears more like-
ly, gamma radiation from local fall-out contributed a significant count
rate to the instrument.

The TCAM at station 30 failed when a shear pin in the paper
drive mechanisms broke, causing the monitor to sample on one spot of fil-
ter paper. However, the beta activity concentrations were readily ob-
tained by graphical differentiations 4 of the recorded counts per minute,
dividing by the volumetrio flow rate, and applying the efficiency factor
for a uniformly contaminated tape as derived in Appendix C. This record
is presented in Fig. 4.7. The sharp changes of activity concentrations
in the ground-level cloud can be especially well seen here since no instru-

ment time lag or averaging error exists for these data.

Due to a pro-shot estimate that the 20,000 0/1 beta scale
was most desirable for a distant station, the TCAN at surface shot station
39 went off scale ( > 44xl0-7 uc/cc) at about 9/1.5 hours and remained
there until the record was retrieved by the pick-up crow on 20 Novembor.

The count rate record obtained is shown in Fig. 4.8. Of especial interest

3A ground-level cloud could not have been sampled an the tape and register

as early as 0915. See paragraph 2.6.2 for time lag discussion.

4It may be noted that while a moving air monitor filter tape furnlishes an
averaged concentration directly, the derivative of the record obtained
from a stationary tape gives instantaneous concentrations.

•~ ~ 5 --A Iii I
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is the alpha count rate pip which occurred at about H/2 hours. This
pip occurred after cessation of a shot time beta pip (see discussion
of BCAM 38) and prior to the hump due to the ground-level cloud.

Since the beta record at this time shows nothing it is difficult to
explain this effect.

A more regular record was obtained from the TCAM at sta-
tion 140, in the Underground Shot. Fig. 4.9 presents the concentra-
tion of activity derived from the instrument at this station.

4.1.3 Particle Separator

Concentration data were obtained from particle separators
used in each shot of Operation JANGLE by suzaiine the activities measured
oil all the sampling elements of the particle separator, correcting for
dec4y, and dividing by the volume of air sampled in the 115 minute sampl-
ing time. These data, of course, represent the average concentration
in the air over the 115 minute sampling time. Concentration of activity
in the cloud was computed using the sampling time and elapsed time as
determined from the cloud model described in paragraph 4.1.1, for select-
ed particle separators. These data are presented in Table 4.5.

The eleven screens, the metal disc, and the molecular fil-
ter of each particle separator were counted in a Nuclear Measurement
Corporation PC-l proportional counter. It was necessary to use two rings,
one plastic and one aluminum, to prevent excessive contamination, hold
the screen in place in the chamber, and yet insure suitable contact with
the piston. In counting the surface shot samples it was found that the
screens, metal disc, and molecular filters caused disturbances in the
counting chamber; namely, the counting rate of any individual sample do-
creased with time. The surface shot samples had essentially no loose
particles so colloidal graphite was sprayed on each sample before count-
ing. After this treatment, reproducible measurements were obtained. The
underground shot samples presented a more difficult problem since there
was a large deposit of loose granular particles on most of the screens
except the molecular filters. These screens were covered on both the in-
fluent and effluent sides with scotch tape. In this way it was possible
to achieve reproducible results without seriously affecting the beta count-
int rates.

Thece activity measurements were made between 150 and 400
hours after the Surface Shot, and in two series, 400 to 800 hours and
1000 and 1200 hours after the underground shot, due to the extremely high
activitie, encountered. Decay corrections were vde to H/200, 400, and
1000 hours respectively by means of the individual decay curves for each

-64-
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TABLE 4.5

Particle Sep!rator Concentration of Activity

Activity Volume of Air Average Conc. Cne. of
Corrected to Saimpled in of Activity Factor Activity

Station H * 60 main. 115 minutes Over 115 mini. f f n Cloud
_ (c) (ci 3 X 106) U/,.j3 1 2 44/cm3

_Sur-fa~Shot ___ __

8 6.1 3.0 2.0 X 10 6.o 6.0 X10 1 lO--
9 1.1 2.1 5.3 X 10

14 10.2 2.8 3.6 X 106 3.9 X 10" 1 X 1o 3

15 0.64 2.8 2.3 X 10-7
20 4.6 2.9 1.5110 X 1lO,
21 2.4 3.0 8.1 X 10-7
23 4.2 3.0 1.4 X 10-6 1.3 X 102 2 X 10-4
24 1.6 3.2 4.9 x 10"
28 0.91 3.2 2.8 X -o_
29 0 o.93 __3_ 2.811.o X.s l- 1I0-5

Un 0, o; 1rndEL-,-
108 1.6 In' 3.0 5.55 o• 10 . 2.4110' 1X-10
1C9 4.21101 1.5 2.7 X 10-4
1U4 2.7 110 2.7 1.0 X i6-3 1.5 X 102 2 x 10-1

115 6.9 X 110 2.7 2.5 X 1'0 5

120 3.3 X163 3.1 1.2 X 103 7.7 X 101 9 X io-1
121 3.3 1 1i2 2.9 1.3 1 10-4
123 3.8 X103 3.4 1.1 x 10-3 5.o X 10 6 X 10-2
124 4.4 X 102 3.-2 1./,1 10-
129 4.2 X i1 3.2 1.3 X I0-4
129 2.9 10 3.5 8.6 T 10-5 2.2 i 101 2 X 10"3
130 2.9 1 102 3.1 9.7 X 10 5........

_•- "a.
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sampling screen. The NIH decay curves (Fig. 4.3) were used to correct

all activities to earlier times.

4.1.4 Cascade Imoactor

Concentration data was also obtained from seven cascade
irpactora in the surface shot and ten cascade impaotors in the under-
ground shot. As discussed in paragraph 2.2.1, these instruments con-
tained five slides ind a •;olecular filter. By summing the measured act-
ivities on these e!ez.nts, correcting for decay, and dividing by the
volul-3 saz!pled, the concentration of activity *,as determined. Since
so:n of these instru.-ents sz..pled for only a minute, and were initiated
by a radiation alarm upon arrival of the cloud, the concentrations der-

ived from these instruments should represent the concentration of act-
ivity in the cloud proper. The balance of the cascade impactors sampled
for the usual 115 minutes, and their concentration data should represent
the .verage concentration ever that interval. The data from seol, 'ted
iL*pactors of this tatter group have been corrected by the methods des-
cribed In paragraph 4.1.1 to produce the concentration of activity in
the cloud. The entire datk are presented in Table 4.6.

The r-casaren'nts of activity on the cascade impactor
slieas wure made in a gas floi. proportional counter (Nuclear Measure-
menits YTodal PC-l) in Nhirh the brass piston fomring the base of the
counting chw!:bur w'is tnilled out in such a iranner that the surface of the
slide was flush with the zurfsce of the piston. Calibration was accom-
plirhod with a UXIIB staniard mounted with the same geooetry as the sam-
ple geometry. No corrections uere made for absorption or scattering.
The maasurea-nnts Aare cor.plsted by about '1/200 hours and were corrected
to H/100 hours by means of individual decay curves. Use was made of the
NIH decay curves (Fig. 4.3) to connect back to H/l hours.

4.1.5 Radiological Air Sampler

The Radlolotical Air Sampler which consisted basically

of tteilve rr.all filter as-p'.ers sampling in succession, ims designed to
produce conot,,ttraticn datF as a function of tiTe. The decision to use
th..e instruz nts esc irde a short time prior to Operation Jangle, and
was b!.sed upon a deire to tvaluate the Instrument. Although time did
not allow constructioa of a duvice to afford protection of the filter
ass(.:bly, it was pl1 nsd that the first filter assembly, which sampled

from H-5 minutes to i*/S :.Snutes, be used as a control for the balance of
the filter assemblies. The assumptton ras made that the fall-out would
Uniformly contaminate all the filter assemblies, and that the first
ass'mbly, which had ceassd s'cupling before the arrival of the cloud,
wouli cont-tin only fftll-•ut activity. This activity would be subtracted

from the activities on euccoeding assemblies.
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TABL' 4.6

Cascade I•papct.-r Conctmtration of Activity

Activity at Samiplin.- Volu-c [Conceat'ation Conc. of Ac.
Station H 4 60 min. Interval Smni'ed of Activity Factor in Clo dWI HM) (mins) (c;a3) j (c/I ) ' f2 (Uc/o:)

Surfac- Shot

13 2.8 X10-3 1 1.3 X104 2.1 X10-7 10 2 X10-6
23 1.9 o1 - 1 1.3 o10'+1.5 X1o0-7 4.2 6X3o0-
25 2.1 X 10-4 115 1.6 X 106 1.3 1 10"0
26 1.1 X 1.5 X106 72.30-9
30 2.9 X io2 115 1.5 X 106 1.9X 1iO-8
35 2.5 X io-12 115 1.6 X 1o6 1.6 X 1o-
40 6.0 Xio- 1115 .. 1.5 Xi 06•4'• X 10

Undergrou.d Shot

113 1.7X 3.0- 1 1.3 X 10'41.3 X 107 12 2 X10-6
114 7.5X10- 1 1.2X1 6.2 X 10-7  12 7 X 10
3115 3.5 X10-3 1 1 3 x lo4 2 .7 X10-7
1-19 1.8 X10-3 1 1.3 X 104 1.3 X1-
124 1.8 X 103 115 1.5 1 106 1.2 I 10-9
125 1.3. 1 1603 115 1.6 X 106 7.0 x 10-10
126 5.6 X 10-4 115 1.5 X 106 3.7 X 1
132 8.0 I 10-5 115 1.5 X 1O6 5.3 X 10-11
135 3.8 ] 10- 115 1.6 X 106 2.4 X 10-10
1/40 2.3 x Io-3 15 1.5 1 106 1.6 X 10-9
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However, it was found that the activities on the various
filter assemblies varied widely; in nany cases there was more activity
on thl first filter assembly than on succeeding assemblies. A par-
ticularly good example of this variability was afforded by the two RAS
at station 120, Both instrux.ents failed to be initiated, and conse-
quently all 24 filter assemblies were subjected only to fallout. On
One of these I.nstruments the most active filter assembly was more than
three times as active as the least active filter assembly, and the
standard deviation, p-arcentagewise, of the 24 from the mean activity
(coMputed by sumiin& the activities and dividing by the number of fil-
ter assemblies) was found to be 25 per cent. Probably a reasonable
explanation for this effect is that the small filter assembly offers a
poor target, statistically. for large highly radioactive particles, or
that in the various stages of transportation of the samples, these par-
ticles were lost.

Since the variability in fall-out activity was sufficient-
ly large to nask the activity due to the sampled aerosil, it has not
been possible to determine the concentration of activity in the aerosol
with this instrument.

4.2 PARTICLE SIZE DISTRIJUTION

4.2.1 Cascade In.pctor

The slides of twelve cascade Impactors in etch shot were
examrined by optical and electron microscopic methods to determine the
size distribution of particles in the aerosol. A surnary of tho data
from each shot is presented in Tables 4.7 and 4.8. The measuring and
computing methods by which these data were obtained are described In the
following paragraphs.

The particles on the first and second jets were counted
and wessured by ex~mining the projected Image of lOO•dlaameters from a
light mioroscope. The particles on the 3rd and 4th jets were examined
from projected Imagos of 50,000 diameters. All measurements wore made
with transparent rules with millimeter divisions. Particles which
measured betwoen 14 and 15 mm w#ere recorded as 15 mm, particles which
mea:sured between 15 and 16 rni nr recorded as 16 etc. An attempt vms
made to measure the oquivalent diameter of each particle (i.e., the
diax iters of a circle of area equal to the area of the particle). Since
most of the particles had a rather circular projection, little diffi-
culty was encountered. In most cases, the Znd, 3rd, and 4th jet sanples
were relatively homoocneous and a particle count of 300-600 particles
appeared satisfactory. The let and 5th jet samples were rather hetero-
geneous and particle counts of 400-1000 were rade. The area reprosented
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TABLE 4.7

Cascade Impqctor Particle Sizo Distribution
Surface Shot

AD) I, I•)! Dlvg Total Total Total
I( j ) (No. Surface Mass

Ca.cae =o-3-ctor 13
Jet 1 2.02 17.0 41.5 2.97 4.45 1.61xY5 7F.73x106 1.34x1C,3

Jet 2 0.67 11.4 51.8 3.99 2.19 1.l6A10 5  1.47x10 6  3.17xi0 7

Jet 3 0.458 1.39 4.04 2.36 0.72 1.72x10 5 LU1.3x0 5  5.87x10 5

Jet 4 0.335 2.94 8.18 2.98 0.68 9.40xl05  1.17xlO5 4.78x10 5

Jet 5
Comp.Imp. 0.998 17.1 47.7 3.28 2.15 5.45x10 5  1.02xlO7  1.87x10 8

Cascade Impactor 14
Jet 1 0.71 11.8 42.0 3.59 2.14 1. 2 5xlO0 .63xi07 3.46xTI0-
Jet 2 0.87 25.7 101.3 4.20 2.82 6.72x10 5 3.07x,0 7 4.22x105

Jet 3 0.91 16.0 66.0 3.79 2.27 2.30xi0S 4.11xlO6  4.58xi08

Jet 4 0.83 7.45 8.80 2.23 2.72 4.39x104  6.48x10 5  5.11l06
Jet 5

Comp.Imp. 0.75 15.6 75.5 3.63 2.42 2.2 x10 6  5.31x,0 7  1.86xlO9

Cascade inctor 15
Jet 1
Jet 2
Jet 3 Insuffiient Sample.
Jet 4
Jet 5

Comp.Imp.

Cascade Iimpactor 19
Jet 1 0.96 17.9 69.5 3.90 2.84 1.50xlO' 3.99x106  8.46,z10f
Jet 2 1.92 22.9 84.2 2.86 4.10 7.49x104 5.08xi06 1.96x108

Jet 3
Jet 4 Insufficient Sample.
Jet 5

Comp.Imp.

__ Cascade Imoac ;r 23, 5.23x

Jet 1 0.19 9.90 59..' 1.96 1.e4 4.56xl0S S.71xI07 10
Jet 2 1.65 39.0 42.0 3.96 8.35 3.24x104  8.12x108  b.27x108
Jet 3 2.07 5.30 7.50 1.88 2.53 1.40x40 1.90xlOS 1.38X106
Jot 4 1.13 3.69 8.18 2.26 2.07 2.81x104  1.97x10 5  1.52x10 8

Jet 5
Eomp.Imp. 0.606 7.65 31.6 3.47 1.93 4.63x108  4.87x10 7  9.35ZI0•
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TABLE 4.7 (oont'd)

NMD D2 MD MD Days Total Total Total

J(.) C) C) ____ No. jSurfaice Mass

Cascade Impactor 24
Jet 1

Jet 2
Jet 3 Insufficient Saxzple.
Jet 4
Jet 5

Como. Imp.

-. -cade [rnpactor 25

Jet 1 2.72 15.3 31.2 2.50 5.03 2.09xl0b l.09xlO 1 .49x10%
Jet 2 2.17 5.35 8.40 2.05 3.26 2.llxlO5 3.28xi06 2.34x107

Jet 3 .97 3.44 6.78 2.22 1.44 3 .58x10 5  1.38Xi06 6.87x106
Jet 4 1.15 2.31 3.13 1.74 1.29 3.68x105 9.63x,0 5  2.56x106

Jet 5 0.438 1.16 1.76 2.01 .50 18.45x105 4.12xi05 5.41xt0 5

Comp.Imp._ 0.84 9.15 20.7 2.83 1.65 1.99x108 1.79x107 2.12xl08

Casce.de Inoactor 26
Jet 1 6.25 16.7 25.6 1.91 7.30 2.2 1l0s 2.l9rI0 5
Jet 2 1.03 5.25 10.3 2.76 2.19 4.13x105 3.54x106 3.24x107

Jet 3 .495 2.19 4.03 2.40 .776 9.24xi105 l.lOxlO6 2.54xlO6
Jet 4 .519 1.48 2.25 1.98 .66 7.47x10 5 6.22x105 l.lOxlO6
Jet 5 .095 .778 1.38 2.97 .182 1.88xi06 1.49x10 5 1.05xlO5

Comp.Imp. .302 6.00 19.4 3.44 .678 4.04x106 8.14x106 8.39x107

Cascade Impactor 30

Jet 1 .94 6.0 18.7 2.67 2.18 1.29x100 1.29x10 1.65x10"
Jet 2 1.41 3.83 6.2 2.13 2.29 1.05x10 5 8.62x10 5 4.28x106
Jet 3 1.01 1.87 2.32 1.62 1.10 4.59x10 5 8.21x105 1.70xlO6
Jet 4 .643 1.27 1.82 1.80 .798 3.34x105 3.00x105 5.14x105
Jet 5 .052 .362 .816 2.80 .099 4.80x10 5 l.lOxl34 4.00xlO3

Corp.Imp. .89 6.11 8.75 12.50 1.50 2.67x106 1.56x10 7 8.05x107

CRscade Iit.zactor 32

Jot 1 1.97 9. 5 21.0 .64 31 T1.26x10-- 3 . 2 7 x1 0b 4T07
Jet 2 1.70 3.72 5.15 1.94 2.44 4.67x104 4.05x105 1.93x106
Jet 3 .62 3.47 9.05 2.66 1.02 1.07xlO5 4.46x105 2.47x106

Jet 4 .495 1.07 1.57 1.88 .66 5.34xi05 3.32x105 4.57x105
Jet 5 .216 .590 .967 2.11 .31 1.57x106 2.21x105 1.33x10 5

Com•.imp,. .345 5.41. 18.2 3.18 .67 2.474106 4.98x106 4.99x137
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TABLE 4.7 (cont'd)

WN.D D2,."I) 19¶D ,- ~Da±r Total Tot"1 o>

VM) H(WO U ~Srfa'

Cascade Imnacor 35
Jet 1 3.75 1-.5 18.4 2.11 .5.3 2 4•3.-'3x2'- 171 2.57xl00

Jet 2 2.08 5.85 9.20 2.14 3,23 1.884105 3.14x106 2.31,10c
Jet 3 1.44 2.90 3.79 1.70 1.42 2.61x•O 5 9.43x!0 5 3.3,.1f
Jet 4 .83 1.33 1.11 1.64 .97 4.82x105  5.91x10 5 9.37x10 5

Jet 5 .098 .308 .46 1.96 .072 1.i•,107 1.72x0o5 6.,'-; 1:0
Cor:,•i._me .592 12.5 31.4 3.82 1.44 2.42x0o6 2.43x1o 7  .15,<3c108

Cascade Impactor 40 ....
Jet 1 1.52 22.3 82.5 3.55 3.701 3.53x0 4 J1.62x106 4.9•-x10
Jet 2 1.94 3.72 j5.10 1.75 2.60 3.83104 3.64xlo5 1.75x106
Jet 3 1.47 2.67 3.18 1.79 1.21 1.67x1o5 4.67x10 5 1.4(.o10
Jet 4 0.705 1.56 f 2.47 1.95 0.944 2.53x10s 3.31x1'5 6.80:,10
Jet 5 0.033 0.256 0.620 2.98 0.068 8.82xl16 1.00x,05 3.051104

lCor-p.Inp4 0.0301 9.25 1 81.5 5.36 0.13819.3lxoO5 3.09x1o 6  5.6.3_,o7

*TABLE 4.8

Cascade Impactor Particle Size DistriP-ution
Underground Shot

Cascade I'nactor 113
Jet 1 0.91" 4.43 14.80 2.85 1.9 s6.04x1o 4 .llxlo S3.81xlO"
Jet 2 1.28 7.9 18.9 2.58 2.51 8.94x1o3 1.22x10 5 1.57x10"
Jet 3
Jet 4 Excessive Sample.
Jet 5

Coup.Irmp.

Cascado Impactor 114_

Jet 1 1.68 12.6 30.9 2.80 I3.43 1.94xioz 5.41x!06 8l89xlo7

Jet 2 I 1.42 4.75 8.58 2.22 2.44 1.40x1O' 1.50x105 l.02x,06

Jet 3 1.04 2.21 2.90 1.88 1.85 3.,8.oxV) 4  1.6)8xlo 5 14.95X105

Jet 4 0.74 4.37 7.55 2.57 1.76 1.3Rx10 j 7.69x10 4 4.34x105

JetS 5I
[Comp.Impq 1.41 17.3 31.5 2.99 3.15 12.61410 j 6.32x106 I 1.O2xlOe
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TABLE 4-8 (Cont'd)

NIAD D2IMD YM Da Total Total Total

_Cascade- Ynact )r 115
Jet i 13.30 1 72 1 73.0 10 2.61 15.98 19.35xl03 1.24x106 4.3ex106
Jet 1.72 580 102.16 3.90 4.61 2 32.55x5 1.78xi07

Jet 3
Jet 4 Excessive Sample.
Jet 5

Comp. Imp. ____________ __

Cascade Impactor 119
Jet 1 11.13 10 1.5 25.6 3.10 2.72 11.67x10 3.07xlO5 ...18x10
Jet 2 i1.00 I10.8 25.7 3.60 2.52 4.78xlO3  7.93xlO4  l.O9xlo6
Jet 3
Jet 4 Excessive S1m.ple.
Jet 5

Cmonp.IImp. ! 4_26__7__.5__0

Csacade rmactor 123
Jet 1 0.46 5.70 18.0 3.35 1.54 7.6lx106  3 .87ix16T3.52xlOU
Jet 2 3.35 8.35 11.5 1.90 4.33 1.20xlO4  3.37x405  3.44x!06

Jet 3 1.05 5.75 13.0 2.75 2.12 3.00x104  2 52x10b 2.11x106

Jet 4 0.5 5.99 14.5 3.40 1.00 2.42xap5  6.19x10 5  2.42xj06

Jet 5 0.88 1.77 2.53 1.61 1.15 1.03x105 1.28x105  4.22x105

Conp.Imp.10.473 5.65 20.4 3.47 1.28 8.00xj06  4.26x1Z7  4.15x108

Cascade Impactor 124
Jet 1 0 2.17 196 3.83 2.3 4.13xl04 Ti.02x10 3.68x10b
Jet 2 1.23 8 .00 19.5 2.67 2:45 3.9 X103  5.42x60{
Jet 3
Jet 4 Excessive Sample.
Jet 5

Comp._Imp.

sonde tos r 125
Jet I 1.9 50 9.90 2.10 2.80 1.56x10b- 2.27xlh7 1.86xl10
Jet 2 10.68 5.q5000 11.80 2.96 1.76 3.73X104  2.32x105  1.79x106

Jet 3I

jet 4 Excessive SamTple.

COMnp.Imp. ___ ___
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TABLE 4.8 (Cont'd)

~NMDI D2?AD M O D~ Dav, Totkal jTotal ITotal
I A) I(~ j(~ Ok No. Surftic M

jet 1_ Cascade Imn&ctor 126

Jet 2

Jet 3 Excessive Sample.
Jet 4
Jet 5

Comrp.•nip.
Cascade Impactor 130Jet 1 2.34 9.15 16.20 2.31 3.81 2.23xI0b 6.14xio0 7.97xi07

Jet 2 1,46 4.30 6.75 2.19 2.41 3.78l105 3.44xl06 1.87xi07

Jet 3 1.48 4.35 6.80 2.16 2.41 2.14x105 1.9CxI06  1.15x10 7

Jet 4 0.85 1.89 2.84 2.00 1.57 3.32xI0 5 1.11XO 3.15xi0 7

Jet 5 0.058 0.196 0.328 2.28 0.098 1.75x106 2.92x10 4  7.08xi03

Cop.IPmp. 0.120 8.25 120.7 3.67 0.72612.89x106 1.02xoi7 1.0xl0 8

-252. Caslde Imoactor 132
Jet 1 125 10.5 2.5 .44 4.10 2.35n--T7.51xlO [9.57xl06
Jet 2 1.38 4.15 5.85 2.21 2.33 1.64xi04  1.41x10 5 7.52x10 5

Jet 3 1.55 2.41 3.01 1.62 2.08 3.05xl04 1.68xi05 5.44x105
Jet 4 0.343 1.41 2.44 2.28 0.476 1.30x105 7.03x104 1.20x10 5

Jet 5 0.18 0.304 0.376 1.63 0.201 1.62x106 8.72x10 2.94x1041.1X10 x104.1

Comp.iwp.10.203 7.95 29.3 3.25 0.350 1.82x108 1.19x104  1,38xI04

Cascade Imoactor 135
Jet 1 0.49 2.72 7.50 3.06 1.42 5.05xiO* 1.63xiO 7.95x10
Jet 2 0.70 4.20 11.30 2.99 1.79 2.93xi04 1.71x10 5 1.26x10 6

Jet 3 1.12 2.55 4.65 1.96 1.93 3.4&x104 1.78xi0 5 8.06X105
Jet 4 0.139 1.08 2.25 2.76 0.283 5.20x105 9.93x104 1.35x10 5

Jet 5 0.053 0.20 0.41 2.30 0.086 2.12x106 5.80xl04 8.56x103

Comp.Imp. 0.104 2.39 11.7 4.04 0.339 3.37xi0 6  2.34xi06 1.15x,07

Cascade Impactor 140 --

Jet 1 '1.26 7.55 19.5 2.78 2.54 1.24x105 1.70x10 6 2.14x10

Jet 2 0.81 3.72 8.40 2.74 1.84 5.34x104 3.10xlO5 1.87x106

Jet 3 0.73 1.75 2.17 2.22 1.50 l.04xlO5 3.OOxlO5 8.84x105

Jet 4 0.184 1.44 3.17 3.10 0.31 4.02x105 1.43x10 5 2.O1X105

Jet 5 0.12 0.24 0.36 1.33 0.14 3.34x106 7.4Ox104 2-15x104
lComp.Imp. 0.094 2.39 11.7 4.04 0.339 3.37x10 6  2.34x105 1-15X107
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by the count was measured and recorded. Also the total impaction area
was measured for each sanple with the light microscope usin3 scattered
light.

A table of data and calculations was made for each jet,
the completed table being similar in form to Table 4.9.

TAFLE 4.9

Sanple Cascade Impactor Data and Calculation Sheet

43 Number Per Cent %D er Cent Cum. Per niDi3 Per Cent Curm. Per
by No. by Cent by by Mass Cent by

;A Surface Area Ma

It Y.Ill be noticed that to obtain the percent by surface and percent by
mass only the rol~tive Larfaze area and mass were computed.

Three sets of points representing cumulative per cent
less than stated size by number, by surface, and by mass, were plotted
on log-probability paper. Straight lines were drawn to represent the
sets of points by inSpection, using the follo-in- criteria:

A. The slope in best agreement with all three sets of
points was used for all three lines. (If the distribution is assumed
to be log-normal then this procedure is indicated by theory 5 , 6 ,7.

WHatch & Chcate, "SLattstical Description of the Size Properties of Non-
Uniform Particulate Substqnces", J. Franklin Inst., 207, (1929), 369

6T. Patch. "Deter~ninttion of Average Particle Size From the Screen Analy-
sis of Non-Uniform Particulate Substances", J. Franklin Inst., 215,
(193). 27

7 C. E. Lappel, "Vist and Dust", Hosting and Air Cond., 18, (1948)
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Also, this method gives a single avarage measure of the degree of hc:•-
geneity of the sample.)

B. The slope being already determined, the lilnes w3re
positioned to best fit the points in the 10-90 per cent range.

C. Knowu difficulties in analysis, such as meaeuri•-'
the smallest particles, were allo:wed somo consideration. The follo iin0
paraneters were obtained frowi the lin-s:

NYD . Numnber Median Diameter D(50%) from
No. line.

D2 MD Surface Median Diameter g D(50%)
from surface line.

MAD x Vass Median Diameter = D(50%) from
mass line.

SGeometric Standard Deviation - D(84.13%)

Other values obtained are:

Daoe a Average Diameter n--i-i

Total No. of Particles Collected
Total Surface (Relative)
Total Mass (Relative)

There are many good arguments against the use of log-
probability plots -to represent sub-aariples such as those from the jets
of a cascade impactor 8 , 9 . However, the method is expedient and gives
parameters that represent the sample to a reasonable accuracy. There
are several analytic methods of curve fittin&8, 9 , but they would be

8F. Kottler, "The Distribution of Particle Sizes", Parts I and II, J-.
Franklin Inst., 250 (Oct & Nov, 1950), 339 and 419.

9 F. Kottler, "The Goodness of Fit and Distribution of Particle Sizes",
Parts I and II, J. Franklin Inst., 251, (Kay and June 1951) 499 and

617.
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very difficult to use considering the large nurbor of pointi invol-:d
and the fact that parallel lines are to .e drawn.

Having obtained sufficient infor:-!qtion about the indi-
vidutql jet samples, it wds necessary to conbire thu data fron each set
of 5 jets to obtain the size distrlbuticn of the cloud. An area cor-
rection factor was obtainad for each jet by dividing the impaction anri
of the jet by the arcs. counted. The numiber of particles in eAch si~a
group (class interval) was multiplied by the are% factcr and the result-
in, nunber represented the tottU nwuiber of particles in each cliss in-
ter-v-l oollected by the jet. An integrated set of fifth class int3Lw:Lo!
cove'ring the entire size ran-e studied (0.02-100 microns) had been for-
mulated, and the individual jet data were fit to these class inter'als
on a sub-size basis. The number falling in each class interval was
found by addinC the contributions from each jet; a table of data and cal-
culations similar to those for the individual jets was made. From the
data thus obtained, four cycle log-probability plots for the entire cas-
cade impactor were constructed, from which the parameters tabulated tab-
ulated in Table 4.7 and 4.6 were takeii. Fig. 4.10 is an example of such
a graph. It should be noted that the parameters listed in the tables
permit reconstruction of the straight lines in any desired plot.

4.2.2 Filter Sampler

The filter papers from the filter samplers at stations
29,30 and 129,130 were analyzed by Tracerlab for particle size dictribu-
tions. The results are reported in Appendix E.

4.2.3 Fall-out Tray

Of the twenty fall-cut trays employed in each shot, one
tray in the surface shot and twenty in the underground shot collected a
weighable sample of the fall-cut material. The former and eight of the
latter contained sufficient material to permit a sieve analysis, while
four of the latter pasied sufficient material through the last (37 mi-
cron) sieve to permit further separation by means of a Roller Analyzer.
Fig. 4.11 shows the mass of the material collected on the trays plotted
against distance grom ground zero, while Figs. 4.12 through 4.15 show
the particle size distributions nbtained from the four stations that were

put through the sieve analysis and Roller Analyzer.

The sieve analysis consisted of sifting the samples through
a column of U. S. standard sieves shaken by a Rotap machine. This machine

was operated for 5 minutes on fractions greater than 1410 microns, and

for ten minutes on smaller size fractions. In the case of four stations
where more than grams of material was found to pass the last screens
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further fractionation was tccomV-lished with the Roller Analyzer. This
machine seoarated the rerainiin sieve material into the si.e fraction::
0-4, 4-8, 8-16, and 16-37 mtcrr.ns and the frc<tions were weighed on
an analytical balance.

The basic data obtained in this technique, then, is th'
wei-gt associated with the various particle size fractions, which may be
ter.:.•; tbe weight dictribution of the fall-out sar:ple. A specific gr:'v-
ity oC 2.7 was assuned for all particles, and from the weight dihtri-
bution the area distrihution as well as the size distribution has be:n
com:%ted. It was alsoc asstued that all particles on a given sieve Wo)Le
of a size equal to the average pore size of that sieve and the next
higher. All particles were treated as spheres in the calculations.

4.2.4 Pre-Shot Soil Analysis

The particle size distribution of the soil at the test
site w~s determined on six samples taken at five foot depth intervals
from a location near the underground shot zero point. These ssmpler -,or)
analyzed by the method described in par. 4.2.3; the data are present:!
in Figs. 4.16 and 4.17.

4.3 RADIOAVTIVITY AS A FUNCTION OP PARTICLE SIZE

4.3.1 Cascade Impactor

The activity in the aerosol as a function of particle size
was determined from the caszade impactors by measuring the activity on
each slide and plotting these data arainst the particle size irpactdl on
the slide.

The data are tabulated in Tables 4.10 and 4.11 for the sur-
face and underground shots respectively. The activity on each slide,
corrected to H/1 hours, is shown in column 4, while the MM, the mea3ure
of the size of particles on that slide, is sho%n in column 3. The latter
data were taken from Tables 4.7 and 4.8. Coltrci 7 shows +`w specific
activity of the particles on each slide as oomputed by dividing the act-
ivity on the slide by the assa of particles on that slide. The latter
were obtained by multiplying the "total mass" on each jet in Tables 4.7
and 4.8 by Irf/6, where f w 2.7xlO- 1 2 grams per cubic mioron.

A description of the procedures used in making the act-
ivity measurements is given in par. 4.1.4.
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TAM 4.10

Surface Shot Activity !.easuremwnts on the Cascade Impactor

Number Activity on PercentaAge 1A3 of Specific
Station Jet M..3di=a Jet at of Total Particles Activity

?To. 2No. Dinawter H j 1 Hrs. Cas. Imp. on Jet jxo
(micron3) (a.c) Ractivity (gram.s) 'gram

13 1 2.0 3.7 X 10-4 13. 1.9 x 1041.9
)-3 2 0.67 2.2 x -3 80
)-3 3 0.45 1.9 x 7. 8.3 x 1 2.3 x 102

23 1 0.19 7.5 x 10o- 40. - 7. x 7 O, 1.0123 12 I1.6 1.1 x10-3 59. 4.6,, x 1o-4 2.4
23 ý4 2.1 2:.5 x 10-5 1. 2.1 x 10-6 1.2 x i10

25 1 2.7 1.. x 10-4 51. 2.1 x io-4 5.2 x o1-
25 2 2.2 6.7 x .- 5 2. 3:.3 x WO-5 2.1
25 5 0.44 3.6 x 10o5 6. 7.6 x 10- 4.7 x 101

26 1 6.3 2.7 x 10-4 3. 7.1 x 10-5 3.8
26 2 1.0 .4 x -10- 41. 3.2 x 10-? 1L. / x 102
26 3 0.50 4.8 x io"0 .4. 4.0 x 10 1.2 x i03
26 4 0.32 7.0 x -4 6. 1.6x1 4.5 x102
26 5 0Srj 6.3 xl1O' 4  6. 1-5 x10-7  4.3 x 103

30 1 0.94 7.0 x 104 2. 2.3 x 1O-4 3.0
30 2 1+ 9.0 10 32. 6.7 x 10 1.3 x 103
30 3 11.0 1.4 x 102 48. 2.4 x 5.7 x 13
30 4 0.64 3.2 x io- 3  U. 7: -7 41. 103

30 5 0.05 . 5 . 5.6x 10-9 3.4 xlO1

35 1 3.0 1.!. x 10-'3 6. 3.6 x 10-4 4.4
35 2 2.1. 5.5 x o1-3 22 3.3 x 15o- 1.7 x
35 3 1.4 1.2 x 1o-2 48. 4.7 x 1O-6 2.6 x1
35 4 0.33 5.2 x 103 21. 1.3 x 10-6 3.9 x 16
S35- 5 0.10 7.3x164  3. 9.1 x 10-8  7.7 x 10

40 1 15. 1.13 x 10-4  3s .9 x 10-5 2.6
40 2 1.9 2.1 x 10-3 35. 2.5 x 1O6  8.5 x 02_
40 3 1.5 1.8 x 1"_3 30. 1.9 x 1O-6 9.1 x 102
40 4 0.71 1.2 x 106 3 0. 9.:7 x 10"7 1.2 x 163
40 5 0 0.o03 7.0 x 10-4 12. 1.4 x o0 1 .6 x 104

- 86 -

I _ i, " .... • m I I I i ii i -. .... .



7-OJMT 2.5a-1

TABLE 4.11

Underground Shot Activity 'Measure=Mnt3 on the Caccado Impactor

Number Activity on Percentaga Mass of Specific
Sý,ation Jet %a•dien Jet at of Total Pareticles Activity

No. No. Dieametr H ý1Hrss. I Activity 1nJ
__(microns) (go~) Activity (gratws) gromr

133 1 0.91 1.4 x 10-4 8. 5.41z 1O- 2.6
113 2 1.3 5.4, x 10- 32. 2.2 x 16-6 2.4 x 102
113 3 3.5 x1M'4 20
113 4 3.5 x 10_4_ 2D
.13 5 3.4 20.

314 1 1.7 9.9 x 10"4 13. 1.3 x 10-4 7.9
3I4 2 1.4 2.9 x 10 3 39. 1i.4x%1o0 2.0 x 1o
114 3 1.0 1.5 x 10 | 19. 6.9 x 107 2.1 x 103
1_14 4 0.74 1.3 x 10- 17. 6.1 x 10- 2.1 x
114 5 8.5 x io-4 12.

2.15 1 3.3 2.8 xo10'-4 78. 6.2x-10-0 4.A.4102
115 2 1.7 2.3 x 104 7. 2.5 x 165 9.1
115 3 1.. x 10 4 /
115 4 1.7x |10- 5.
115 5 2.5xl1f 4  7.

119 1 1.1 7. L -o-'4 I . 3-9 x 1o-5 1.3 -3 1
119 2 1.0 2.8 x .,Y-4  16. 10.5 x 1-6 1.8 16 o
119 3 4.4 x 10- 24.
1.19 4 22 = 10' 12.
119 5 7.0 x 10- 4.

1V4 1 0.8 197x101 9. 5 2x105 3.3 x
124 2 1,.2 8.5 x 10 4 46. 9.3 x i6- 8.7 x 0'2
124 3 6.2 x10- 34.
124 4 1.9 o-4 10

1 124 5 2.2 x 10-5 19
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TSkBL 4.11

Underground Shot Activity Yeasurements on the Cascade Imoactor
(Con'd)

Number Activity on Percentage Mass of Specific
S'-ation Jt IMadian Jet at of Total Particles Activity

No. No. Diameter H / 1 Frs. Cas. Imp. on Jet ____
(r__ crmcrn•rs) (Mc) Activity (grams) gram

125 1 1.9 5.6 x 10- 4  50. 2.6 x 10-4 2.1
125 2 0.68 9.5 x io-5 8. 2.5 x 10-6 3.8 x 1
125 3 6.7 x 10-5 6.
125 4 3.2 x 10-4 29.
125 5 8.3 x 10-5

126 1 3.-. x IO"5

326 2 3.2 x 105 6.
126 3 7.7 10-5 14
126 4 7.2 x 10 13.
126 5 3.5 x 10-"+ 62.

?32 1 2.5 1.9 x l0-5 24. 1.3 x 10- 1.42132 2 1.4 i.8 x 10"5 22. x. 10" 1.7 x 10132 5 0.18 4.3 x 10-5 54. 4.2 x 1068 1.0 x 103

135 1 0/.9 9.5z10"5  25. 1*1 x io-r 8.5
135 2 0.70 6.aX1605 16. 1.S x 10i- 3.a x J01
135 3 1.12 1.8 x i0-5 5. 1.1 x I0- 1 .6 .6 x 101
135 4 0.14 1.5 x 10-4 39. 1.9 x 10-7 7.8 x 102
135 5 0.053 6.0 x 10-5 15. 1.2 x 10-8 5.0 x 103

140 1 1.26 1,7 x 1o 7. 3.o x 10-5  5.6
1140 2 0o. 9.5 10o" 4. 2.6 x lO-6  3.6 x 101

1/40 3 0.73 1.4 x I0-3 60. 1.2 x 10-6 1.1 x 1 3

1/40 4 0.18 4.9 x 10- 4  22. 2.8 x 10o- 1.7 x
1140 5 0.12 1.6 x 10-4 7. 3.0 x I0-8 5.3 x
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4.3.2 Conifu.

By mieins of a radioautoiraph technique, it was possible
to deter-Aine the activity in the aerosol as a function of particle
size (subject to the limitations of the conifu-e). Unfortunately, of

all the conifuwe cones employed, only th. one from station 133, lo-

cated 20,000 feet north of the underground zero point, exhibited what
could be considered a good radioauto~raph pattern. The majority were
not sufficiently active to produce a definite film darkening while
most of those that were sufficiently active produced irregular patterns,
indicating improper operation of the instrument.

The technique consisted of placing the plastic conifuge
cone over a matching conical mandrel upon which was fitted a fan-shaped
piece of DuPont dosimeter film, type 552. After an exposure of approxi-
mately one month, the cones were removed and the film processed. This
radioautograph (Fig. 4.18) was scanned a]ong several radii w th an
Ansco optical densitometer (after standardizing cn the clear film) at a
number of distances from the inner edge of the fan shaped film. The
averaged optical densities were plotted versus r, the distance from the
inner edge of the film. This plot was graphically iutegrated and nor-
malized to a fractional density and plotted versus r as shown in Firm.
4.19. Assuming that the density of the film was proportional to the
radioactivity deposited upon the conifuge core, and the density of the
aerosol was similar to glass, the percent activity of the aerosol as
a function of particle size can be obtained by use of the data of Table
2.5. In addition, these data were plotted on log probability paper as

shaom iu Fig. 4.20.

Upon the basis of the results from this conifuge, it may
be concluded that the median radioactive particle size of the aerosol
at station 133 was of the order of two microns.

4.3.3 Particle Separator

Although a determination of the activity of the aerosol
as a function of particle size from the particle separator would have
been a relatively easy matter and, indeed, the necessary activity measure-

ments were made, no results are reported because the instrrant failed to

separate paitloles satisfactorily according to their size.

Microscopic examination of the particle separator screens

revealed that the larger screens collected a considerable amount of fine

( < 37,a) airborne particles while the larger material ( > 37A0 be-

haved normally in passin:- through the various =s@hed screens. This effect

can be seen by examination of Figs. 4.21 and 4,22, which are pbotomicro-

graphs of the first screen of the particle separator at station 123, zacen

at different magnifications. Figure 4.21 shows the large particles which
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Fig. 4.18 PRdioautograph of Conifuge Cone, Station 133, Mider-
gro~nd Shot. This is Actually a Positive Print.
The Dark Radial Lines Were Caused By the Use of
Scotch Tape to ObtaiD Samples of the Collected Par-
ticles. The Dark Dots Were Causcd By the Electron
Yicroscope Screense
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Fig. 4.19 Fractional Density and its Integral, Station 133, Under-
ground Shot, Conifuge Data.
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Fig. 4.20 Cumulative Percent Activity as a Function of Particle
Size, StAtion 133, Underground Shot, Conifuge Data.
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Fig. 4.21 Photomicrograph of the First Screen of the Particle
Separator at Station 123, at 20x 'Magnification. Tha
Large Particles are Apparent.

L.. ." •

F~g. 4.22 Photomicrograph of the First Screen of the Partiec1,
Separator at Station 1.23, at 50zx Magnification. Die S7-.111
?articles May be Seen Adhiering to the Screen Wires3.

4 I

.4 .4

--

Fng. 4.23 Photomicrograph of a lea Particle Separator Screen*
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were stopped by the screen, while Fig. 4.22 shows the small particles
that Rlso adhered to the screen. For comparison purposes a photo-
fmicrograph of a clean screen has been Included in Fig. 4.23. It was
noted that the large mesh screens were densely covered, front and
rear, by a layer of the order of one to ten microns, while the sm.aller
mesh screens were almost entirely free of particulate matter. Act-
ivity measurements and microscopil examination of the porous stainless
steel back-up filters indicated, however, that a considerable number
of .. articles passed all screens.

Tho only plausible explanation of this anomaly so far
advarned is that the air passing through the screens builds up an elec-
trostatic charge on the %ell insulated metal screens sufficient to
attract and remove from the air stream those particles with suitable
charge and inertia values while permittin; the neutral and oppositely
charGed particles to pass thro'zgh the -creens until mechanically stopped
by the back-up filter.

In order to test this hypothesis, attempts were made in
this laboratory to neasure electrostatic charge built up by the particle
separator screens while air passed through at the correct rate. A
charge of the order of a volt was indicated by an oscilloscone after
several minutes of air flow. While it is conceivable that in the drier
cliv:-te at the Nevada Test Site a somnewhat higher electrostatic poten-
tial mirht be attained, it would appear that the electrostatic theory
is untenable unless the particulate matter in the JAN)L. aerosols was
highly charrsd.

4.3.4 Fall-out Tray

Activity measurements were made on the particle size
fractions obtained in the sieve tnalysis (see par. 4.2.3) of one fall-
out tray from the surface shot and eight trays from the underground shot,
and from these data the activity of ýhe fall-out as a function of par-
ticle size has been determined. Figs. 4.24 through 4.29 show in cumula-
tive fashion the percentage of activity associated with each particle
size fractlon, the data from stations at the sare radial distance beingr
shomn ou the same graph. Table 4.12 shows the specific activity, cor-
rected to 4/1 hour, of thi particle size fra'.tions of four stations from
the under~round shot.

The activity measurements were made by means of a
Traco-lab SC-Sa automatic sample changer and associated equipment. Ali-
quots of each particle cize fraction uere transferred to the counting
planchets and coated wIth collodion to prevent loss in handling. A
Tracerlab TBC-l Gei_er tube having a window thickness of 2.48 mg/cm2 was

- 94 -
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TABLE 4.12

Specific Activity Corrected to Hji, of Fall-out.
Underground Shot

Paz-ticle Size Sta1kion 103 Station 1077 Station 314 Station 120
(microns) (10 uc/gm) (1o'kxc/g) ( 1ouc/gm) (10dc/gm)

2 51. 36, 28. 48.
6 30. 26. 19. 24.

12 14. 19. 10. 19.
24 10. 12. 8.5 17.
34 7.5 8.7 8.6 n1.
40 16. 10. 12. 16.
4. 17. i0. 8.8 11.

24. 8.4 6.. 1.
68 12. 9.1 7.6 8.3
a1 13. 7.2 7.8 5.7
96 U. 15. 1.0 6.5

115 26. 13. 13. II.
137 Q2. 17. 22. 14.
163 44. 23. 22. 16.
194 48. 25. 32. 19.
230 18. 27. 34. 30.
274 73. U5. 35. 32.
358 77. 33. 41. 39.
460 43. 32. 39. 22.
S69. 43. 46. 30.
650 80. 64. 40. 43.
775 38. 72. . 52.
1500 360. i1 0"2  51. 25.
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employed, and the scaler was preset for a cumulative count of 4096 for
each sample. A Tracerlab R-lla simulated p22 source was used as a
reference standard for absolute beta counting. Range curves in alum-
inum were run for the standard and several fall-out samples to deter-
mine correction factors for air path and window losses. Back scatter-
ing and possible collodion absorption corrections were not attempted.
All activity measurements were made between 1000 and 2000 hours after
the shot and were corrected to H-1O00 by means of individual decay
curvta obtained on each sample. The NIH decay curves described in
par. 4.1.1 were used to correct all fractions from H/1000 hours to H/I
hour.

4.4 PERCENTAGE OF RADIOACTIVE PARTICLES

4.4.1 Cascade Impactor

The number of active particles on each of the five slides
from the cascade impactors at stations 123 and 130 was determined by
means of a radioautograph technique. Since the particle size analysis
of the cascade imtactors (par. 4.2.1) yielded the total number of par-
ticles per slide, the percentage of radioactive particles could be de-
termined. The data are presented in Figure 4.30.

The radioautographs were made after the particle size
measurements were completed since the emulsion on the slides would have
interfered with the electron microscope particle size analysis. Eastman
Kodak Company type NTB stripping film was cut to size and cemented over
the sample area of the slide. Development of the film was carried out
as recommended '2y Eastman Kodak Company. The radioautographs w•ere then
examined by means of a microscope to determine the number of particles
with associated activity. The slides from station 123 were exposed from
H/1704 to H/2208 hours; station 130 slides from H/1704 to H/2016. Al-
thouah other slides %are exposed for an even greater length of time, too
few of the particles on each slide were sufficiently active to provide
reliable results.

4.4.2 Fall-out Tray

The size fractions of the fall-out from stations 103 and
120 of the underground shot i.ere analyzed by a radioautograph technique
to determine the percenttge of radioactive particles. The data are pre-
sented in Fig. 4.31. The size fractions were obtained from the sieve
analysis described in par. 4.2.3, and the radioautoGraph technique is
dercribed below.
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> STATION 130 STATION 123

0

4/

10-11 1O 00
MARTICLE SIZE (UIGaONS)

Fig. 4.30 Percentage of Active Paz4ticles in the Aerosol as a FunctiOn
of Particle ise*, Underground Sbots Cascade TDpactor Data.
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Fig. 4.31 Percentage of Active Particles in the Fall-cut as a
Function of Particle Size, Underground Shot*
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After sone axperir-:ntation, & numrbr of proceuures for
determining the percentages of radioactive particles ware developedlO
for various size ranges. These w3re as follost V1!3thod No. 1 approxi-
mately 150 to 850 microns. In this method, Kodie ThaAutorsdiopraphlc
Stripping Film "wa1s employed to distinguish activ3 particles. Thig
emulsion Mas stripped from its callulose backipg, relaid emsAisi&on side
do%4n on its backing and lightly Castened to it with strips of tape.
The frcctionp ted sample was distributed over the back saide of the emul-
sion by means of a spatula and the partioles aere affixad by coverin•
with a Duco cameat solution (onu volurne of cement to four of aoatore).
After drying, the strip film. •as reversed and rdtaped to the support.
The film was stored in 's liýht-tight box for a three to four day ex-
posure. The exposed film vas devuloped with DuPont x-ray developer,
fixed, washed, and driAd and, again removed from its support and fast-
ened to a clean glass slide over millimeter graph paper for examination
and countin- with a stereomicroscope. Black areas were observed above
each radioactive particle while the inactive ones did not effect the
emulsion. The intensity of blackening appeared somewhat variable and
occasional difficulty was experienced when only a small spot war evident
or whon only a portion of the perticle appeared to be active or %hen
the emulsio.i appeared fogged or grey rather then intense black. In
doubtful cases the particle was considered to be radio-ctive. A number
of those "doubtful" active particles were picked up and were found in
every case to be radioactive %hen held in front of the window of a G-4
tube counter. Thus the assumption that all "doubtful" particles were
active appears to be Justified. Considerable wrinkling of the strip
film was experienced but this does not interfere with the method. Be-
low approximate .y 150 microns the method becomes impractical due to
difficulties in ascertaining the nature of mauy particles.

Method No. 2, approximately 16 to 150 microns. Kodak
NTB Nuclear Track plates softened for 10 to 15 seconds in warm water
(50 C) were utilized in this procedure. The size-fractionated parti-
cles were distributed over the moist plates in the same manner as in
the first method and the plates with their adhering particles wire al-

lowed to dry and expose for tso to three days in a light-tight box.
Tho plates were developed with careful agitation so as to avoid displaCe-
ment of the imbedded particles. Examination of the plate with a
sterevrmricroscope revealed the radioactive particles over their assoc-
latod darkened area on the film. (See Fig. 4.32)

10
Malcolm G. Gordon and Benjamin J. Intorre, "Somie Techniques Applic-
able to the Study of ABD Fall-out", CRL Interim Report No. 137,

14 Mar 1952.

-105-

! *1I I



PROJIMT 2.5a-l

.°

Fig. 4.32 Station 103 Fall-out Particles (74-88 u)
on &n NTB plate showing the film darken-
Ing around t-wo radioactive particles.
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As a check upon the agreement of the two methods, the
percentage of radioactive particles in a 240 to 420 micron range sL:ý-
ple 'as determined. Results of 16.7 and 17.7 per cent were obtaLnvd
for the strip-film and the plate methods respectively.

Method No. 3, approximately 8 to 40 microne. Inasmuch
as the smaller partic-es tendcd to aeglomorate, the second method .ýis
n modified for tho lowest particle size ranges so that the sample was
drroped into a swirlinC inch of hot water (50 0 0) in a battery jar.
After suspension of the particles an NTB plate was submerged and after
appr'oxil.Rtely 30 seconds removed, dried, expotod for four or five days
and then processed in the usual manner. Particle counting was most
easily aczo!:;plished in the range of 8 to 40 microns by visually cotL.'t-
ing the radioactive particles in a given area with a light background
and then photographing the same area with a dark background. The to-
tal number of particles could be conveniently counted on the print.

4.5 STUDY OF FRACTIONATION

4.5.1 Radiochemistry

The study of fractionation included radiochendcal analy-
sis of many JANMLE samples obtained from various types of instruments
which were located at a number of different stations. Sr 8 9 , Zr 9 5,
Mo9 9 , Aglll, Cdllh, Bal 4 0 , Cel 4 ', and Ce1 4 4 , were determined on four
filter papers from the underground shot, and Zr 9 5 and Mo99 were det'r-
mined on a horizontal ointbent plate from the surface shot. These
data are tabulated in Table 4.13 as counting rate ratios (at zero tire)
with respect to W1o9 9 (an allegedly non-fractionatine nuclide). Agll!/
Bal 4 0 and Aglll/Cdll5 ratios have also been tabulated because of their
special interest.

In addition, the large quantities of fall-out collected
from the underground shot at Operation JANGLE provided a unique oppor-
tunity to perform radiochemical analyses upon size-graded particles.
Sr 8 9 , Zr 9 5 , Bal 4 0 , and Cel 4 4 were determined on a number of different
particle size fractions of fall-out collectcd at stat'ins 103,107,114,
and 120. These data are tabulated in Table 4.14. YoX was not deter-
mined because the decision to make the fall-out analysis was not made
until some weeks after the shot. The nuclide activity per unit mass of
radioactive material was calculated by dividing the nuclide activity by
the mass of active particles in each fraction. The latter was deter-
mined by applying the data of par. 4.3.3 to the measured mass of each

fraction. These data are tabulated in Table 4.15 and will be used in
the discussion in par. 5.5.

- 107 -
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The fission products sephrations wra carried out usai-

tially by the methods compiled by Coryall and Sugar--anlI as modif ied
by J-ll Group, Los Alemos Scientific Laboratory. Thf, only important

modification was the deterrmination of silver a3 iodate rathar thnn io-
dide. The fall-out samples %ere run in duplicate, the othars in qw.d-

rupltcate.

In order to provide a basis for canparison with otbhr
laboratories, radiocheamcal aneaysas were perfof.r~ed on an irradiated
U2 35 sa'r.ple for each of the fission products listed abova irith the ex-
ception of CdI 1 5 and Ce 14 1 . The sample consistzd of 14.8 millirradzi
of enriched uranium foil irradiated to 9.3xi01 3 fis3ions in the Broo':-
haven pile.

Filter paper samples were digested by treatment with fum-
ing nitric, perchloric, and hydrofluoric acids by the procedure des-
a:-ibed by Spence and Bom.nan 2 . The M-5 ointment was removed from, the
aluninum plate with facial tissue and digested by the same procedure.
It was necessary to repeat the divestion to effect complete solution.
The fall-out samples were fumed successively with perchloric and hydro-
fluoric acids and taken up with hydzochloric acid.

Samples were mounted in a reproducible geometry syjtea.
on 3-!/4x2-l/2xl/16 inch aluminua-i cards. In the case of V!o, Cd, AS.
Ba, and Sr the final precipitation was carried out by the glass chiz:ney
and Hirsch funnel technique, which confined the precipitate to a de-

fined area on the filter paper. Ce and Zr precipitates were tapped out
of the ignition crucibles into counter oras in the alwainun cards. Sam-
ples were covered with either 3.8 m9/cm2 of cellophane or 0.45 r.g/0c1i 2

of rubber hydrochloride. Ce 1 4 4 -"as counted face down and hence through
217 ms/cm of aluminuza.

Each mounted sample was counted for decay with a thin mica
end-vrindow G-V tube and convontional scaler unit until a satisfactory
curve was obtained or the activity became too lo•,, whichev•r occurr:!d
first. The countin- rates were measured to 0.95 errors1 3 of 2-5,4 for thG

C. D. Coryell and ?1. Sugarman, Radiochomlcal Studies, The Fission Pro-

ducts, McGraw-Hill Book Co., Wew N ork, 9. Y. 19=
12R. W. Spence and M. G. owrm'an, "Radiochemical Efticiency Results Of

Operation SANDSTONS", SANDSTOIET Report 10, App3ndix A, Los Alamos Soi-
entific Laboratory, Yaroh 26, 1949

13j.e., We are 95% certain that the statistical error in counting IN not

greater than the listed per cent.
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plate. Spreads 1" for repeated analyses on the size-graded fall..out
were within 5% for th.e Bal40.and S4r89 and fo 1(-2•% for Ce1 4 4 5.nd
Zr 9 5 . The spreads for the f.Iter paper and oiht=nt plate work were
algo 10-20%

The activity was rmad from the r.:oothed decay curve
at an arbitrary time and corrected to zero time. Four different G-M
tubes, crOss-calibrated vith sa&ples of each fission product, were
used, and all dcrta were corrected to the sans tube. Data were fur-
ther corrected to 100,: chemical yield, first shelf and zero added
aboeber. No corrections for coincidence Yere raquired nor wore cor-
recticns made for self-absorption and self-scattering since time did
not permit preparation of correction curves. This error was insig-
nific~nt except In the case of some strontium samples where the chem-
ical yields were extremely high. The correction even here would be
less than 5%. The aluminum i.ountinig cards provided saturation back-
scatAtring. Corrections to zero added absorber were based on absorp-
tion curves in Coryell and SugarmanlS. Barium activities were cor-
rected for growth of lanthanum activity as indicated by Finkle and
Sugamnan18.

4,5.2 Aotivity of the Radioactive Particles as Function
o- -?artlcTl Size

In the study of fractionation it is of interest to deter-
mine tLe activity of the redioactive particles as a f~uction of their
size, surface area, and mass. The analysis of the size-graded fall-
out samples at stations 103 and 120 of the underground shot for activ-
ity and per cent active particles offered an opportunity to determine
these quantities indirectly. The results are presented in Figures
4.33 through 4.35.

The following procedure Aas employed& The percent ac-
tivo particle data (par. 4.4.2) in each fraction zere applied to the

TrThe spread was obtained by dividing the difference between the ex-
trL.ies by the r.-an.

aud Su~ar.,'n, op. cit., Book 2

16'btd,, p. 1123
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specific activity of that fraction (par. 4.3.4), giving the specific

activity of the active particles of the fraction (assiming all par-

ticles in -.he fraction had the same weight). Making the further

assumption that all particles in the fraction had the same density and
shape, the activity per unit active particle surface area, and the act-
ivity per active particle were calculated. A specific wravity of 2.7

was assumed, and all particles were assumed to be spherical in shape.
The size of particles in a given size fraction was taken to be the aver-
age of the pore sBie of the sieve on which the particles were found and
the pore size of the sieve directly above.

4.5.3 22cay Rates

It was ixpected that fractionation would manifest itself
by a variation in deohy rate with particle size. To investigate this
oossibility, the activity mcnsurements on the size fractions of fall-
out at stations 103,307,114, and 120 were continued from about H/1000
hours to approximately F/2000 hours. The resulting activities were
plotted as a function of time on log-log Daper and a straight line was
fitted to them by the method of least squares. The slopes of these
lines are presented in Table 4.16. The data for station 120 is presented
in Ci-aphical form in Figure 4.36.
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TABLE 4.16

Decay Slopes (Between H/1000 and 2000 Hours) of Size
Graded Fall-out Samples

Particle Decay Slope*
Diameter Station Station Station Station
(microns) 103 107 114 120

1500 -1.110 /0.127 -1.217 -1.225
775 -1.238 -0.448 -1.205 -1.124
650 -1.291 -1.417 -1.058 -1.221
545 -1.162 -0.613 -1.177 -1.203
460 -1.424 -0.587 -1.165 -1.105
358 -1.128 -1.252 -1.247 -1.066
274 -1.284 -0.796 -1.241 -1.154
230 -1.244 -0.878 -1.241 -1.279
194 -1.308 -0.943 -1.229 -1.140
163 -1.549 -0.913 -1.253 -1.165
137 -1.302 -0.687 -1.241 -1.211
115 -1.331 -0.856 -1.329 -1.228
96 -1.354 -0.883 -1.288 -1.229
81 -1.331 -1.204 -1.247 -1.186
68 -1.430 -0.987 -1.300 -1.244
58 -1.337 -0.843 -1.215 -1.321
48 -1.436 -1.170 -1.312 -1.261
40 -1.443 -0.836 -1.394 -1.294
18 -1.424 -0.738 -1.429 -1.331

*The decay slope is defined as n in the equation

A =ktn

7

7
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DISCUSSION

5.1 COiC;NTTRATION Oý' ACTJ.VIfY IN 7W, AEROSOL

Before proceeding to a discuision of sor.e of the detail.s of thb-
activity concentration data, it is well to comp-.re the data obtain A
by the four typ-s of instrurents which were erqfloyod. Such a com-
parison is made in Table 5.1, in which the ration of the concontratiola
obtained from the particle sepa-rator, cascade impactor, and con-
tinuous air monitor, to those obtained from the filter sampler have
been conputed. The table illustrates, for one thing, the extremely
large variations that may be eqpectad in measur3'rmnts of this sort
mad3 with existing saxapling equiD-3nt. It is appArent that the dat*
obtained by the particle separator varied from one tenth to ten tir l:
that of the filter sampler. There is apparent disagrcoment b,.tteZrt
the cascado impactor and the filter sampler, thx forn:.;r being •.ai 1 .
than the latter by a factor of the order of a several hundrcd. The
cas:i of this disagreezant is thought to be due to the fact thit tI•
cascade impactor, in obt.ining a rolatively st!'1l samiplee, is roro
susceptible to the loss of large pkrticles, bec.ause co.lection of tY
particles is made nn a glass slide, rather thai on filt.er papar.
Comparison bet-.reen the continuou•i %r monitor and the filter s.:•l; "
suffers fron the lack of data from tne former, together with a con-
tradiction on two of the four records obtained, that is, apparelntly
the cloud did not reach the stztion until after the 115 min filter
sawýpler sampling period was over. One of the remaining two records
indicated the continuous air monitor data was ten tims., the other
one tenth as large than the filter sampler data. Prob!.bly tho only
conclusion that can be reached from this conpirison is thakt thi
filter sampler concentration data is in systerr;itic disAgre-.itnt -jith
the cascade impactor data, but is not in siy'te -tic disagrooi nt with
the particle separator or continuous air monitoe data, although
agrceemnt in any particular case may be no bettar than plus or minv.?
one order of magnitude.

It is possible that the comparison of tho particle separator-
filter sampler data may shed sorm light upon th3- question of the eff:,.
of non-isokinetic sampling upon the concentration data. It ufll be
re~memberad that the particle separators were orientod with the axis
of their sampling port In the wrtical direction, while the filter
samplers weore oriented in the horisontal direction. Undar these
conditions one would expect that the particle saparator, in cofl6etiliZ
the largest particlee

/ - 119 -
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TABLI 5.1

Con•arison of Concentration of Activit 1 Data

Partic1leSepra J Cascade Impa!to3 Continuous -Air Mo~itoy'
Station Filter Filter Sampler" Filter Samr-orA r-

8 3.8
6.s

15 9.2 x I0-1
21 2.5
23 1.0 1.1 x 10-1
24 9.7 x 10-1
25 9.5 x 10"3
26 2.1 x 10-2
2 4. x 102
29 16 x io'1.1 I-i
3032 x 310-2
35 3.6 z 16-
38 9.6

_ _0 2.6 x 10-2

-10 . 10=r~ound Shot

109 4.0
114 3.5 x 101 2.1 x 10-2
115 1.5 1.6 x 10-2
119 1:2 x i0"3
120 2.6 x 100

121 3.4
123 1.0
124 3.1 2.8xi35
125
128 140:I0103.29 1.1 x I10-

330 1.1 x101
132 2.2 z 1o4t'
140 1.4 x 10-3
1 Av,.rage concentration over 115 minute uupling period.
2 Station nw.'lrs loss than 25 #%nd 125$ concentration over 1 minute

cMpling prriod; greater thpn 25 and 125s over 115 minute sampling
period.

3 Avwr-eo concentration over 115 tinutes coraýutcd from concentration
Vs, ti curv* .
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would cause a systeratic decrease in th3 PLrticle separator-filt' r
sampler concentration ratio with distance frou• ground zero. HO T-

ever, no such trend can be detected, and it is thouý;ht, tharefore,
that the effect due to non-isokinetic sampling, *it lea3t in the caje
of concentration data, may be masked by the spread alru!d-j present
in the data.

The question of thq accuracy of th3 cloud rodal dacribad in
paragraph 4.1.1 is open to soma conject•v'a. Cortaiuly the racords
of th! continuouz air Lonitor-j indicate the cloud arrived lat-er and
stayt>d much lonver at the most distant stations than is Irdicated
by the cloud nodel. At thi very close st.Ations, the a-e of the
cloud becomes extrerely important becausa of the activity decay
corrsction. At the stations of wsdivu- di.f3nta therefora, the cloud
model can be expected to give the best results. The concentration
of activity in the cloud propar, bases on the cloud =odal, has been
plotted in Fig. 5.1 as a function of diAt.,nc3 frort ground zero. The
data indicate the underground shot produced an rtjrocol 10 to 100
tir-sa as active as the surface shot.

5.2 PARTICLE SIZE DIS•IBUTION

As was indicatsd in CM.pter 4, eesential•ly only one initrurnnt
was et-ployed to obtain the particle size di-tributlon of the aro-ol,
the c-sccde irpactor, and thua there can be no inter-ins3tewznt co-
parison of results. A discussion of the particle seis diotributioi
of the clouds thereforo becomes a discussion of the cascade impactor
data. The =sz important fact to be emphasised is that saapling -13
non-irokinotic in the senss that the intake velocity vas COnsid3rably
less than the wind velocity, but that the intake throat was pointed
to~mrd ground sero, and therefore, generally speaking into the wind.
Under these conditions the intake aerodynamics favor the large
particles. No.mver, as uas Indicated in paragraph 5.1, the impactor,
though undoubtedly rern-oing these particles frou the airstrips, must
have shattered them, or else subýequently lost thor, sinco no particles
larg•r than about 40 microns were observed in the exrnnination of th3
slidis.

Novever, the tend-ncy tc.rard smaller particle sizes in the aero-
sol with increasing dist'nca from ground zero was dofinit.ly ob-rv-ed
in both shots. Figs. 5.2 and 5.3 illu-trate this situttion. It is
apparent that th3 undarground shot initially possasood a diutributiou
containing larger particles than thq surface shot, but that these par-
ticles rapidly fell out, leaving at distances of 20,000 feet a dig-
tribution containing amanler particles than the surface shot. ?his
result may be explained by the fact that the underground shot cloud wa"
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DISTAKC.E (404 FEET)

Figur-e 5.1. Concentration of Actii'ty7 in the ClovdA
as a Function of Distance on the Down-
wind Lego Filter Sampler Dlata*
Activity was corrected to tims at which
cloud passed each stations
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loaer than the surface shot cloud, giving th. large particlss less
tiwe in which to be ca'.Tied by the wind out to hah more distaint sta-
tions. By the tiw-e both clouds reached 50,000 It. the N'iD of their
dist.'ibutions had reached a valug of less than 0.1 micron.

The material on the fall-out tray was collected under favor-
able conditions in the seres that no appreciable wind sprang up be-

e, -. the tire of the shot and the recovery of the trays, conditions
und&.- -Fhnh 7ry little mat.-rial could have been retrevd or addd as
det,; _ d experimentally. The analysis of the material was carried
out according to standard procedure and apyirently no difficulties
vere encountered. Nonetheless the resulting distribations (aee Figs.
4•12 throagh 4.3.5) indicated the fall-out had a very small W-A, less
than one micron, a distinct anorialy inasmuch as the aerosol NIT,
apML':ently was about this size. In addition, the lines rppresenting
the size, area, and mass, distributions did not give a s*aight line
trend, For these reasons, no atteupt was made to fit straight lines
to the data, with the result that convenient parameters describing
the c!stribution were lacking, mridng a comparison of distributions
difficltgt. It can be noted, b-.?ever, that station 103, which is
sho'm in the photographs as being in the base surge from the under-
grouad shot, had a noticeably larger percintage of perticles leos
than 10 microns than the other four stations analyzed, giving -•..eght
to the idea that the base surge was Co,•osled of small particlej.

5.3 RADIOACTIVITY AS A FINCTION OF PARTICLE SIZE

It was hoped that the cascade impactor would size grade part-icles sufficiently so that activity measurements made on the five

alides would give an indication of the activity of the particles
in the aerosol as a function of particle size. However, these data,
which are contained in Tables 4.10 and 4.11, present such large
scatter as to make such a correlation impossible. An example of
this is easily seen by consideration of the percentage of activity
on ths first slide. One would expect that the first slides on the
"nearsst impactors would contain a large percentage of the totx'l
activity of the impactor, while the first slidos on the farth,)r im-
pacters would contain less, since there would be fewer of' these 1er7
highly active particles present in the aerosol at the farther stations.
Even this effect, which should be very pronounczd, is not efident. A
partially satisfactory explanation of this can be made by the fact
that the cascade impactor, in its collection of particles, size
grades them only by virtue of widely overlapping efficiency c-rves,
ond that a wide spectrum of particle sizes may be found on any one
$lide, although the NHD of tho distribution varl.es from slide to slide.
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This, of course, does not affect the particle size analysis by vir-
tue of the way in which it is carried out, however, it might frus-
trate any work dependent upon size grading.

It is unfortunate that a larger numnber' of conifuges did not
give Catisfactory data. Although all conifuge cones '-rre radioauto-
graphed, only a few shored any darkening at all, and only one of
these shoued a szrooth distribution of film density. Mhe others had
only :plotches of activity, which probably indicated the presence of
turbr, ence in tho cone voluiae. The fact that tiost conifuge cones
mire not &ufficiently active to produce radioautographs car. be
ati•rbuted to the s-a..2i.or rate of the instrumnnt.

The activity as a function of particle size data obtained from
the fall-out trays appears to be satisfactory, except that a self-
absorption correction, or-ginally considered to be almost negligible,
apparcntly is nercss;ry for the large particle sizes. This question
is discussed in more detail in paragraph 5.5.2.

It should be pointed out that the specific activity data from
the fall-out, i.bich indicates the relative activity of each partiule
size range, cz_, be applied to t!b' ;-ass distribution of the aerosol
as drtrirmined from the cascade inpactor to yield the distribution of
activity as a function of particle size of the aeroeol. The assumption
ride is that, in any given ptrticle s3ze range at any given station,
the specific activity of the aerosol is the same as that of the fall-
out. If this is not the case, the implication is that there must be
SoZ3 selection on the basis of activity in detc.-mining thich particle
of a given size range viUl renriin in the aerosol or will fall out.

5.4 PRCENTAGE OF ACTIVE PARTICLES

If the percentage of active particle data (paragraph 4.4) of
the cascade impactor and the fall-out tray for the underground shot
are combined, it appears that th3 percentage of active particles is
a no ,otonic function of particle size over the range of particle
6izei covered by thc t-.:o types of data, i.e., from I0-1 to 10 3 microns.
In fact it appears that a straight line, with a slope of one, rep-
rebciiting a linoar function, fits the data i•ell.

Since both the cnscade impactor data and the fall-out tray do-
pendcd upon a radioLutogrephic IL-thod of differentiating the active
from the inactive particles, it vas thought that the exposure time of
the radioautograph would affect the results. This ras not borne out
by results of the ciscade impactor, since a number of radioautovraphe
of different exposure times shoad no apparent change in the pe-
centage of active particles.
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5.5 SUDY OF FRACTICMATIONr

5.5.1 Radiocheaistrv

The dcta concorning the nuclide activity per unit wasi
of active mate:ial as a fu.ction of particle siza, which is con--
tained in Table 4.15, providod a rathod of inveztiga nfng the j3chnniom
whei.-ly particles acquire activity. The data for SrN and ZR '
ha., booen plotted in Figs. 5.4• and 5.5. Reaforrlng to Fig. 5.4,, it
aop-::s that a straight line z-ith a slope of I ray bj fittcd to the
dat., whereas this is not possible with the data in Fig. 5.5.89
1l]c.-ing for some over-simplificition, it appears that tha Sr
actiwrty is a function of particle surface whereas that for Zr7 5

tend, to be more of a volums ftunction. Ba-~ 4z.es a plot salndar
to the Sr 8 9 plot, while Cel-' 4 is similar to Zr 25. Further study
is being made of these data, particularly with *~pect to the
question of whether the activity of Zr 9S and Co4 is concentrated
in a shell rather than a volum3. Examination of the decay chains
of these four nuclides provides a plausible reain why thera should
be a difference in the mechrni-•a for acquiring radioactivity. The
decay chains are as follows "

Kr 89 .. 2.Rb89  j ' Sr 8"
Kr5 hor Rh9 5  hrt. Sr95  &moj. y95 1_.. zr95

IS J~i. Cu a 66. Bal4

It way be seen that Ba140 and Sr 89 both have gaseous precursors that
have half-lives long in comparison with the lifetime of the firaball.
Since gases such as krypton and xenon are not significantly subject
to adsorption abo5 liqld a# temperatures, it is logical to sviproz9
thr.t while the 7rx2 and ColA" chains pa3sed the rere gas etap early
enough to ba ad&orbed during the particle growth process, no aplirrcl-
able amount of 'r 8 9 ajrXe".U-' d@qyed before the particles had cea--c.d
to grow,. Hence the Sr and Ba' activities were oonfined to the
outeraost surfaces of the particles.

C. D. Cory•l & N. Sugarman, op cit. pp. 1996-2001.
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5.5.2 Activity of the Radioactive Particles

In order to investigate the mechanism whereby part-
icles beco-•e radioactive, the data describod in paragraph 4.5.2
3ctivity of the radioactive particles as a function of their size,
sarft-ce area, and nass ware calculated. (The latter, it Aill be

noted -sould be the sum of all the nuclide activities of the kind
disc-2.4ed in the paragraph imediatsly above if a radiochemnical
analysis could be perror~md on all the nuclide species.)

One of the questirns that arose in the study of the data

w;as the effect of 531f absorption and self scattering upon the
I m-irced activity of the different particle size fractions. The

for-ar is susceptible to quantitative treatment if the range curve

for the activity is known,, while the latter is as yet not well
understood. The c..ailexity of the combination can Perhaps best be
=9en by examining the data of Nervik and Stovenson , who have plotted

a self-scattering and self-ebsirption correction factor versus
sauple thickness, with beta enerI7 as a parameter, for NaCI and
Pb(NO3) 2 •

A simple calculation can be made to inrestigate the
ignitude of the self-absorption. Assumings

(1) The attenuation of beta particles is described
by the equation

a(5.1)

where w is the path length in 2illigams/c2 and T* is the half

thicrnezs of the pArticle for the fission product radiation. The
lattcr .a; taken to be 20 mgt/c:2 in accordance i-ith the data of
par,'iarh 4.5.4.

. E. I6rvik rnd P. C. Stovencon, NSelf-4-cattering and Self-Ab-

.•�•t'o of Betas by do'aly Thick Samples". ;VýCLonicpb X
(1952), 19.
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(2) The particles are cubical, so that the oa.xi path
length travelled by a beta in escaping from the p[artizle is

(5.2)

2

wher• s is the side of the cube.

(3) The density of the particles is 2.7 grams/cri,
making, the thickness factor of the particle mat-cial equal to 2.7 x
i0-I mg/c•a2/micron. The relative self-abzorption of a 1 micron
particle is:

e 0.5 x2.7xO- 10-'004" -;, 1 (5.3)
20

whi-e that for a 1000 micron particle ist

-. x 500 x 2.7 z10 .L-
* 20 120 5 t

Thus the correcti factor for self-absorption for a 1000 micron par-
ticle is 120 times. that for a 1 micron particle, and therefore is of
great inportance. Previous calculations had led to the belief that
this correction was negligible.

No data is available to estimate the effect of self-
scattering, but it in probable that it is negligible in comparison to
the corroction for self-absirption.

It has been suggested that the nocessity for making thesa
corrections could bu side..stepped by crushing the large particles
before measuring their activity. This is preseitly being carried out
on some of the fractions that are still mufficiently active.

553 Decay Slopes

A study of the variation of decay slope with particle
sizo (paragraph 45.-3) has yielded no information other than further
proof of frartionationo
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It was expected that the considerable quantities of dirt
thro ,n up by the Jangle explosions would trap a relatively large
proLortion of the fission products of the bomb, creating highly
radioactive aerosols containing relatively large particles.

The concentra •ion of beta activity in the aerosols was found
to be 10W-3 and 10- uLicrocuries per cubic centivater for the surface
and underground shots respectively. These are based on filter
sampler data taken from the nearest stations (2000 ft. to 4000 ft.)
on the downwind leg, as modified by an estimation of the arrival
and departure time of the cloud.

The number median diameters of the particles in the aerosols
were 1.0 and 1.5 microns for tha surface and underground shots re-
spective-16, at stations 4000 ft. downwind, decreasing to less than
0.1 microns at 50,000 ft. for both shots. These figures were ob-
tained from the cascade impactor. The particle isse distribution
of the fall-out was also determined at a number of stations of the
undorground shot.

No satisfactory data giving activity as a function of particle
size in the aerosol were obtained due to unsatisfactory operation of
the instruments designed to size grade aerosol particles during the
sa;-p'ing process. These data, however, were determined for the fall-
out at a nwdher of stations on the undorground shot. The percantage
of active particles in the surface shot aerosol was determined to be
0.01 per cent for particles approximately one micron in diairater.
For the underground shot fall-out, this percentage was found to be 20
per cent for particles approximately 100 microns in dia.eter.

Data of the various consequences or manifestations of fraction-
ation vere made on sise-graded particles of fall-out from the under-
ground shot, and study of the,. data have made possible a number of
interesting conjectures regarding the machaniss whereby particles
become radioactive.
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APPENDIX A

DFFINITI0i Ak.D ARF•YVIATIO OF TEPUNS

BCA_' - Brockhiven Continuous Air Monitor

BIL - Brcochaven National Laboratory

CRL - Chomioal end Radiological Lp.borator-es

Decay Slope - the .xponeut in the decay equations A ctn

Fall-out - particulate ratter once a pert of the aerosol th.t.t ha3
precipitated to the ground

Fractionation - any variation in the fission product nuclide abur.dance,
viually applied to the variation as a function of parti-
cl size

Iso':inetio - actually "equal notiouon but is gensrally applied to
particulate sampling that is carried out so as not to
be selective in any way

y - molecular filter

h10 - National Institutes of Health

NRDL - Naval Radiological Defense Laboratory

RAS - Radiological Air Sampler

ICA! - Tracerlab Continuous Air Monitor
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APPENDIX B

CALIERATION OF THE WOOMHAVEN CCiTINUOS AIR .A(XITC2

The counting efficiency of this instrc-•nt z_•y be obtained by piss-
ang a small ractangle of filver tape of width w and length a (a is equal

$o w for the Brook.haven air monitor), see Fig. B.1, inserted into the
cent-jr line of an unoontaminated filter tapa. This swall section of fil-
ter tape bears a uniforly distributed kncin beta activity, G of the
same species as for which the calibration is desired. As the tapi passes
under the counter in the x direction, a co%=t rate is recorded which may
be converted into a plot of observed counts per unit tine versus dis-
tance. Sunh a plot will have tha appearance of the graph shown in Fig.
B.2•. and should be synetrical about the origin. The maxizu;a count rate
at x a 0, CO is the count rate when the counter face Is exactly covered
uniformly aDntaminated filter tape Cu is 1he finite sm_-nation of the
rates obtained when the center of the standardising rectangle is at z
position equal to 0, is, k2s, *3e. eet. and is thvi

Cu , ocl (3.1)

hAperioally It has been found that with ocunters positioned elose to the
tape that Eqn. 3.1 can be reducod to

Cu z.0o +201 +2c2 (i.2)
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1 COUNTING
SUCTION AREA
AREA SHIELDING

S • ;:--. ;<--x

_______ K-4 _______

Fig. B.1 Schematic Drarlung of the Brookhaven Continuous AMr Y'onitor
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Fig. 3.2 Count RAt. as a Funcloto of Displac•-, 3nt for the Brookhaven

CrontLnuous Air Yjnitoro
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The fraction of the total countiua rate contributed by the seg-tat of
width w and length S poaitior; tly in front of the tube is

•/:%- : f (3.5)
Ou

fhe efficlency I of the segment in tLis position nay be defined as

Go :Cuf: 30 (34)

The activity per standard zeog-nt (width w and length a) is given by

a: aV (3.5)

where a a activity per unit volu-e of clouds V g volu-e of air so-upled
through the staniard sepent. Fro,& Eq. 3.4

Cu : • aT &(.6)

a O

This equation Units a to the average value of the tit,.o interval
during which the unit sepent of paper mas ocntaminated, For the sake
of clarity the midpoint of this tire interval can be taken as the tine
corresponding to the value a.

To obtath an unknoua activity sonoentrativc a frcA the lnstr3-!,nt
count rate meter readisg@ Cu, it wa noceassaryto bteraine the initru-
mat emstaats Is f# and V. I and f were deternimed by the following
procedures With the center of the window as a refermnce points tO iam-
dard activity pper was moved one and two Inches - either side and 1
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oounting rates observed, The sm of the counting rates in all such
positions giyes the counting rate of a uniformly contaminated fil-
ter paper of infinite leneth. Proceeding in this tanner the results
ahov.n in Table B,1 were ottained.

TABLE B.1

Efficiency Data for Brookhlavcn Monitor

Distance From Incremental
Center of Counts Per Efficienoc
Window (per cent)

0 50l 23
/ 1inch 35.5 1.61

2 inch 2.35 0.11
- 1 inch 58.9 2.67
- 2 inch 2.0 0.09

Total 599.75 • 600

These results are plotted in Fig.B.3. _The activity of the one square
inch standard corresponded to 2.2 x 103 dim integrationm per second*
Thus

f a 01 =0

1:5.01 x 102 3 .23
2.2 1 IOD

S- ~140
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Sinoe the sampling port measured 1 inch wide by 1.75 inches long, the
filter tape transport velocity ras 4 InchesAour and the flow rate
throu&h the sampling port was 3.5 cubia feet per minute. the value of
V was found to bes

V - 6 x 106 ouZ

Therefor., the counts per minute on the instrument count rate meter
n.ay bo converted to rticrocurles per cubic centireter by the equation:

001 (x/R)(,=i-) u 1.1 4 1o-2 (c/r) (u.8)

-142
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CALIBRATION OF THE TRPCERIAB CONTINUOUS AIR OVONITOR

Interesting two dimensional counting geometry pr,*.1c-ma occur
if a continuous air monitor is constructed with both circular suc-
tiorn ad countinj_ areau (of radii R and r respectively) as is the
case for the Tracerlab continuous air monitor. (See Fig. C.1).

For simplicity in the follciing derivations, the steady-state
conditions of an aerosol of ocnstant beta activity per unit volume,
a flowing at a constant voltmetric flaw rate, V depositing activity
pt a uniform rate, q (equal to aV/lrR4 ) per unit ares on a filter
tape moving at a constant velocit), u ni-s been as3um d. It ii also
ocnvOLient to consider first a previously contavdnated filter tape
owing rerun through the monitor with the €oordirnte axes x,y and

X', y' as shown in Fig. C.1.

It may be notod that the actiity concentratica, Z deposited
upon the filter tape in proportional to the cord length of the suct-
ion circle in the x' direction and is given by the relaticn,

with the restriction that

-R R

and Z can thus be represented graphically as the elliptic sheet, in-
finite in the x direction shown in Fig. C.2.

As the contaminated tape with its elliptical distribution of
activity passes under the counter window, ihe counting efficiency of
each differential area is a function of x and y (or 0 and in polar
coordinates). This function can be determined experinentally by plac-

' ing a small, known, uniformly contaminated filter paper standard in
the filter tape and passing it under the counter in the x direction aS
was dome to obtain the data shown in Fig. C,3, Inasmuch as the effi-
eier' of the G-M counter should be symetrical about its central axist
the entire functiou can be represented by a solid of revolution, the
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Fig. C.2 Activity Cncentration as a Function of Tape Position for

the Tr1eazlAb Continuous Air 1,bnitor
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first quadrant of which is shown in Fit.. C.4.

The differential cout rate, a s-ed up by the G-V tube of the
air monitor is the product of the activity ooncentrttice and the count-
ing efficiency for each element of area of the x~y plane of the fil-
ter tape. Thus

= Z (C.2)

and can be represented by tl.e solid sketched in the first quadrant of
Fig. C.5o

Ths count rate. A finally reo'rded on the air monitor recorder
to the volune between the surfance :ascribed by the function z and the
x.y plcne in Figure C.5 •nd is approximately expressed by the definite
double integral

A a4 a dy dX (C.3)

0 0

or in the mere oonventent cylindrical ooordinates by

2

A, a., .4o.de (C.)

0 0

It r .y be noted that thi upper liz't of integration, R. for f intro-
ducs a erill error due to the neglected volwrie in th. z directice
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which should be trivial in the ogso of the well shielded Tracerlab air
scuitor*

The funotioa

(c.5)

r-ay be arbitrarily selected to represent the colid of Fig. C.4, Substitu-
tici of this and Eq. C.l into Eq* C,4 after chinging to oylindrioal coor-
dir.-:Aes by the Lubstitution

y a F sin a

reculto In the relation

Ln ,niloh •thE tiactiom, 1-k eln * seau be re~oonilod as the elliptie lun-
tegral of the soeomd Un~d, Z(h,@), as the upper linit of the first Ln-
t4•LS'a is V/a. te co:.plete el).iptio inte~ral* R(k) oan be obtained trca
t•.luul for ,arious valuos of k[ Ltere k is oquc-1 to ("4.

A s r

Vq

0 0

i R. S. oOringo. fhndbo1k of I atberetoial Tables (the edl itndcskn.
eU,,a Ila.tdboo i. ellptrc:ru. lt'5) p.cai.
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and can be readily evalt-ated by graphical integration of a plot of the
ter-a jithin tho integral 6imn vorsus f notir- thit k Narle3 frc*a1 0 to 1
in th• intarval e * 0 to R. In tor:- ot air ocii.•ntraticn, Eq. C.7 ba-
a C •,.'3

Replay [

Thv' the beta activity occaentraticn of the saripld aerosol is a fLmple
multiple of the reoc:dad oounting rate whsn the filter tape Is playd
back through the Tracerlab air wonitor.

A somewhat more oc :plicatad problc- occura during the build-up of
aetiVity upon the filt~* tUp.. Thu* in Fig. C.2 the ecordiuxts axes x,y
and x'*y" ooinoida. Th5 depc¢ition of activity upci tV', t apF r-ay be
reprigented by the shapi in FiS. CM6e Rycnd e equt. to I In t•U3 x
diriction, the surface bo:ec.--a identical to ths ellip~lo shooet of Pit. C02
but '.Athin the region

0 1

Ue activity concentration r.'y be expressed by

Zej a IJW7 (RC1.09)

which r2ay be transfcri-d to cylindrioal coordinaton by the sub-titutionb

Z a GooOBa adY Pesin 0
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or (c.x2)

2 I 'Tr-

U

A3 it can beasfily aO'n that

-2 k &in . co a 0o (C.J3)

0

an also, since 
X

0

EquAtion C.14 may be en'pified to

2
- S(k) de (C.i1)

which gives the counting rate for the movtng tap. It &V be noted tbatthim is half of Sq. C7 so that the graphicil integration need be pr-forcvad only once tor both case@. BY uwo of Sq. C.7 and C.15, the 1AtP-1and several replay results a& be ooubimod to invstigate the radio44 t V de-
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cay characteristics of the aerosol sampled by the Tracerlab air monitor.

An experimental deterrination of the value of the constants in thes.
OqU:tions was made by raeans of the following procedure: A standard activi.
ty BL Zple Was preplred ty placing an aliquot of a fision product mixture
on a 81:all (5 x 5 L.") -.qu:Lre of filter tape from the Tracerlab continuous
air i.onitor. This mixture was selccted because of its beta range curve was
con-idored to approxix-to that of the fission products resulting from the
surf: oe end undýrground dotonrticns. The atarnr!rd square was oalibrtid
for its r-noolute bcta :ctivity t.iile on a 4 Lý,-A cellophane additional
bac':..ohttwrer in ordur to duplicate the c o. tions under which the tLpe
itMolf is cunted. This L-s dore by raising i2e G-9! coxnter in its shield
to a hi•,er position rnd hounting the square Lnd reference activity stand-
ards on cards positioned on the lo.,er bracket. R'nge curves for the
reference stpndards as %;ell as the calibrating square were determined on
another counter with a chorter air path and thinuer G-M tube Yzndow. These
data were combined eaftcr appropricte corrections for air path. alumlinum
abrcrber of the, air aicaitor, and the tube windo, so that the cbsolute beta
activity of the filteS pai~r squ.re uas detertirnd by the aversigs of two
Tracorlab si.:ulated P 2 and tUo 1131 reference standrds Lhich were stated
to t* accurate to ten per cent.

The stradardised !qu.re w:as placed in a 6 x 6 r'i squrre hole (b3cked
with a similar 4 L,,-ý/c,2 b.okecatterer) in a mvable ttrip of air monitor
filt-.r p•pjr in such a :,-:•er that the center of the standard square ap-
pro:tzately coinoited with the central axis of the C-11 counter. activity

6' urL-=nts for this L•utre •vre r•de by roving it along the center line
of the path followed by the tUpe. ýtopplng at half centik'ter Intervals
bvjtiaing 3 am before, t.nd 5 am after departure of the center point of the
stt.tdard from the central axis of the differential counting efficiency
are given in Table C.) and are plotted in Fig. C.S. The slight asytmetry
of the curve is apparently due to a on millimeter error in positioning
the calibrating standard. For ptrposer of oanpariswn, the Gaussian curve
vied to Lppro'ii-ate this function has been sketched in as a dotted line.

Te ft-Action

%as icloct-d to ropresent the teo diLansional efficiency of the Tracerlab
nir :;aitor G-U tube (See Fig. C.4). By ur3 of the smooth ourve of Fig.
C.3 '%e constants Lad of Eq. C.5 were found to be 0.0915 and 0.308
recp.,otively for unit ro. I* The integral of Fq. Co? was then ovaluted
by t:bulatiou of the v.lues of the fuwtiou

*1 .
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as a function of e an, k as shown in Table C.2 and plotted in Fim.
C.7. This curve was Zraphically integrated by the method of Mooreý
bet..can the limits zero and R with the result that

1 - (k) . dr a 2.14 (c.18)

0

Substitution of this value into Eq. C.8 and rearranging resulted in
the relations

(ic) (2.2 x lO- 1 1 )(A) (C.i9)

cm3 Initial

and
(uo) (1.1 x 10-11)(A) (C.20)
Tm Replay

which gave the air beta activity concentration from the observed in-
itial and replay counting rates from the Tracerlab continuous air
mocitor.

In order to confirm the validity of the equations derived above
as well as the accuracy of the emperloal constants OL and ( . the
calculated overall counting effioency, ov of a large circular (2.25
in. in diameter) filter standard was compared with the experimentally
determined efficiency of a comparable standard. The overall counting
efficienoy can be obtained by inteeration of the expression

i 4 Or 2~ dA.a C.1
o 

0

YA. D. Moore. Proooodings of the Sooiety for the Advancement Of S!-Ztneori.% Z&Aation, caiirorn-M lbeting_.- 439, t1---•.-

i ........ .. ... .. ...... - 1 5- • • - II I III~
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TABLE Col

Tracerlab Air Monitor Kff iciency a# a Funotion of Distanoe, z

Distance From Scale of Counts Per Differential Countinua
Center of Counter Inctrurnt Minute Efficiency

CI

0 100 37,500 0.0915

Os 100 37,000 0,0903

1.0 100 51,000 0.0757

1.5 100 21,150 0.0516

2.0 100 9,040 0.02P.1

2.0 20 9,800 0.0239

2.6 20 1.970 0.0048

3.0 20 c00 0.00146

5.0 2 760 0.00265

3,5 2 350 0.00085

- 0.5 100 55,400 010865

- 1.0 100 29,800 0,0751

- 1.5 100 Is5,00 0.0329

- 1.5 t0 18,300 0.0446

* 2.0 20 9,300 0.022?

- 2.5 20 2,170 .0.0068

- L.0 20 700 0.001?

- 5.0 8 ?60 00019

The absolvute bct 9 protivity of the 6 m• square standard was approxi-
r.-tc-2y 4 0s2 z 10 d/xIs after oorrectionr-for absorbers, tube windew
,Ad air*
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TABLE C. 2

Tabulatin of the Function 9.e0' (k)

01 -p-

0 0 0 0 1.57 1 0 0

0.5 0,25 0.174 10 1.559 0.926 0.465 0.721

1.0 1,0 0.346 20.5 1.52 0.75 0.735 1.12

1.2 1.44 0.417 24.5 1.50 0.042 0.771 1.16

1.44 2.07 0.5 30 1.468 0.530 0.761 1.12

1.5 2.25 0.521 31.4 1.457 0.500 0.750 L.0OC

1.6 2.56 0.556 33.6 1.44 0.455 0,728 1.05

1.7 2.89 0.59 56.1 1.425 0.411 0.,60 0.996

20 4.0 0,695 44 1.36 0.293 0.586 0.797

2.2 4.s4 0.764 49.6 1.306 0.225 0.495 0.646

2,4 5.76 0634 56.5 1.23 0.170 0.408 0.502

2.6 5.76 0.864 56.5 1.26 0.170 0.406 0.502

2.68 8,6 1.0 90 1.0 0,076 0,22• 0.224

I* S. Burington# Handbook of MathematicA Tables (2nd edlticni
Sanduoky, Wasi Handbook Publiusbres 1946) p. 263.

j - 286-
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which "ay be derived by applytrg the same reasoning as used in Appen-
dix B. Integration of Eq. C.2] results in

Eov : ac (1 - .'fR 2 ) (C.22)

Substitution of the nt:urical values for o( * ( and R into thij equa-
tion results in

Sov 0.033

for tho calculated counting efficiency of a uniformly contwain .tad stan-
dard 2.25 in. in diameter. For comparison, standard activity pnpers were
preparod by spraying ciroular discs 2.25 in. in diauetjr with redioactive
dust and calibrating them with a G-M counter of knoan gsccotry. The
oalibeated discs were p1lced under the G-11 tube of the air monitor and
the activity observed with the follow-ing results:

TABLE C.3

Efficiency DatA for Traoerlab Air Monitor for Circulhr
Unifor-•ly Ccxtaminated Are.-(-)

Activity d/min.
Standard Corrected for Observed Efficlency

Window, Air and a/aln
Absorber

1 1.38 z i0 3.96 z 10$ 0.029

2 1.36 x 106 2.98 x 10 4  0.022

3 4.3 z l205 9.8 x 103 0.023
Aver* z

0.025

(a) Data for Unit No. 1. Average value for units
four and five were 0.024 and 0.032 respectively.
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Thfi agreement betueen thc values presated in Table C.3 and the cal-
culhted value is considered to be sufficiently close to oonfirm the
validity of the derived expressions and the oonstants employed, es-
pecially in view of the faot that completely uniform distribution of
the radloaotive dust o-ier the filter paper discs was difficult to
attrin by the method eLployed. Due to the greater experimental sim-
plicity, more direct approach, and the greater care exeroised in its
prep-.ration and calibration, the asll 5 x 5 ru square standard was
ueA.d as the basis for the aotivity concentrations reported in para-
graph 4.12.

-15



APLENDIX D

EVWIr'ATIL.N OF INSTRIt.thiTS

D.) INTRCDUCTION

The evaluation of the hazard to persornnel fron, an AED elo,.A can be
made from studies of data on activity and particle site of th5 gry:;rated
aerosol. Such a study requires four types of inforz:%ticn. ThetJe are:

(a) Properties of the cloud expressed as activity and mas per
unit volume and time.

(b) Properties of fall-out expressed as activity and mass per unit
time.

(c) Particle size distritutions of (a) and (b) expressed as a ftmo-
ticn of time.

(d) Rfdiochemiatry of (a) and (b) above.

Since the collection of these data is a field op-eratica. laboratory ac-
curacies should not be expected; even though labortotory equirnt be
employed.

A brief description has been prepared of each itera of saraplinr
equip.4ent used for Operation JANGLE. It is intended to discuss the ad-
vantages and disadvantaCes associated with each instrutaent insofar as
its ability to collect samples for the above data; this information
should aid (1) the desigra of improved sampling instrur-ints, and (2)
the selection of instrumtents for use in future tests.

D.2 CONTrINUOUS AIR MONITOR

In this inatruktsnt the aerosol is drawn throuzh a moving strip of
filter material which removes particulate matter. Tho activity of the

collected particles is then measured by. conventional alpha and beta
counters as the strip is moved through tho courtlng chambers.

Operation JANCLE employed two continuous air monitors - Brookhawen
and Traorleb. The Tracerlab Instrrament is a refinement of the Brook-

haven model In that it is more compact. The Traterlab measures activity
at the same time as sawplinG. However. this my or my not be an advan-

tage, since ContamiLation of oounting equipment is possible. The Brook-
haven continuous air monitor measures activity shortly after sellctioh.
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Thr cantinuous air monitor furnishes a ccuplete record cd (1) alpha.
and (2) beta pluas ga-ra radiation for any desired period of time. This
valhab)e record Is not produced without great difficulty since the com-
tinuous air monitors are bulky. delicate, and coupler from the viewpoint
of field operation. TwLy require a good AC peter supply and must be pro-
tected from all .o-c•lled bad 'eather conditions. The instru•,ent wei.-Yx
about 500 pounds.

D.3 FILTER SAMrPIER

'M.e filter sampler is ezother cloud or aerosol se:pling instrument
which collects particuste =-ittur on filtr pzper. The collection io
sade by pulling air through t+e pnper at from 1 to 6 cfa. The piper is
then removed a&d its activity dotermined by proper alpha and/or beta
plus 6pr•-.a couaters.

T'he filter serApler 'iy operate from battery or AC power generator and
is r-a~ged. light weigit (about 20 pouads), and ciagle to operate. Data
on AED cloud activity collected vith this instru-xent to difficult to in-
terpret for two principal reasocts (1) The v.triation of activity witk

tii * cennot be obtained except by auxiliary apparatus, (2) the prode-
ter, L:ed flow rate is Lubj,-ot to orrors due to ologigiig of the coilctieon
p~p. r. The cx:ct elo,ý-Ing eff(ct is difficult to deterrine except by
Vyir 1 cOOratioD Of 14 .he 1,r .),t i.hicb is tuxossible in field operation.

D.4 DiTi~7Z(TTM?r AIR EP-'.P)JM

The interuittent air sa:•plr collects the cloud and/or fall.out
particulate tatter on eoch of t.,,lve (12) filters so arranged that each
filter to employed for a preset time of operation. The collected aerosol
particle* ray be cou-ited for alpha and beta plus gasia activities.

The reculting re-cord will furnish data concerning the variation of
activity 4th each ti:.s interval employed. Cloý-g.ng effects will not be
cncc rttred for P.!it caes, shnce the sipliag tine Inturals axy be
kept rhort (cry 10 I0LULo@).

Abis instrv 'nt is light vioight and is op.-rtted from batteries. The
unit co plcte vith 1..t-ttrles %,nighs sbout 25 p,,-ads. Althou-h the unit
is .'ý r-c t , it is not .,,,Sod tA r'quires chit Ping from rain and dvtt.
Mhe !rrrn .-at of the ft Itors ti such thmt th:y are timproteoted frai
a-l-out-
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De5 PAPTICIF SEPARATCM

The partioles separator is designed to fractionate particles frc"A
the ABD clcud. The fracionaticn is to be done at the time of satipling

and is acccmpltshed by a series nf wire screen cloths with openings

of 37, 44, b3, 61, 73, 88, 106, 125, 148, 177, and 210 microrn. A
molecular back up filter is employed for collection of particles leas
tban 37 wicrc-aj.

In theory, each screen is ooimted and the relsticAhip between

particle size and activity determined. It has been shown that r-all
parti,'lee tend to stick to screen wires instead of being captured on

their proper sized soreen.

The separator is a small piece of equipment, but requires auxi-
liary vacuum and power supply. The separator weighs about 1 po•md
without Vacuum pump.

D,6 CONIFUGZ

The conifuge samples aloud aerosol for particle si&e analysis In
range of 0.3 to 10 microns at the rat* of about 170 cc per minute as
sir Is drawn between two conical surfaces (rotating at 6000 rr-u)
which are separated approxLetely one-eigth inch apart. The parti-

oulate matter is centrifuged out with respect to mass, A section of
the outside plastic conical surface is cut out and examined mioros-
eopioelly for particle alseo Electron microscope screens are located

on the plastic.

The oonifuge is quite rugged but produces excessive vibration of
auxiliary equipment. It requires a power supply which may be either

generator ar batteries. The instrument without power supply weighs
about 30 pounds and is well protected from elements (weather) except
for dust protection.

Particle size analysis of contfuge samples obtained in the field

ba& not been entirely successful oven though the theory is good.
Since the surface area for collection of portlelse Is larKo the In-

strursnt is capable of lone periods (1-2 hrs.) at operation for most
tfeld sampling duties.

There ls no method for obtaining particle sise vs. ti% of

collection data*

sekinaetie Sampling io not Obteined.

- 161 -
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D*7 CASCADE D2,ACTCR

The cascade impactor is a cloud or aeros.,l sampling instrufr.entl
operated to obtain a aetiple for particle size qrAlysis in range of
0.1 to 20 r-icrons. Air at the rate of 12.5 liters per minute is
drav-a throusoh a sories of five jot& with decrescing crifice diaroter.
The sir stream from each jet iir-ingee upcn a elass plate which col-
lhots the particulate L-tter. The first plate, ,rhich is opposite
the coarse streiw, collocts the largest particles while te liast
platto collects the iiaalest Iarticles. The initrteci~t veighs about
30 j•juads includirg thi vacuum pu.-p, but not includLng AC or ic
pc..(.r supply.

The volurr of sar--ple is large but can be xiintained for but a
ininute for icat field ,pllng jabs. since the collecting area is
oell. It is diffloult to predctermine exact sezpllng Lixes desired
and rceote :ontrol or alarm cc.trol is conplex.

The instrtint is fairly rugged, and is well pzutsoted from
ele-jnts although dust protection is not adequate.

Then proper ss;pling tine is used, an ideAl saUPle is obt,.ined
and frantionAtion allor.;s Som.e approximation to be vide of the re-
latio"4hip bctvoen p,.'tlcle site tnd activity.

D,$ THWF.AI. •E9IFITAT(R

The thersal precipitator is on aerosol sat,,pliin instrumont
whereby particles are Irecipitatod on a cold surface through their
reaction from a hot filamiet. Particles from 0.02 to 10 microns are
resolved as aerosol is campled at 1-.e rate of approximately 7 cc/min.

The tkrual prAcipltatar has be.n used in the field and Iso-
kinetio swpling attempted. Thi Intrunint is bulky (veaight 40 poutds)
delicate. 0oo plex. amd rk.qulres a lirge N po.er cupply. RHo'ever, a
gnod saiiple Ator [rtlcle SiLO teklyfle can be obteined.

r~cept for dwt, <criuate ,.eathar frotection is provided but no
att, .i,t •,is been r de to provida r.rticle sILe vs. tiue data.

D.9 I tf1ICCTA71C ;C. '7 rAlca

The el.otrootatlo precipitator is an instrunent which my be
used to oollset particles for p-rtilei size end/or activity measure-
eonts. Air is drein through a Lital cylinder b~twoea which and an in-
side .leatrcde, there h,,s been ,pplied an eleetrieal potential of sev-
eral thousand volts. The sauplint rate can be varied according to
the des'• of the pr¢.vr supply.
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The preoipitatcr oporates at high collection effio.snoy, has
no ologing effects, &nd can be readily adapted for ootmting. Ec.-
ever, no technique is available for obtaining activity vs. tins dat%
with the inatrtu2ent.

Particle size analysis could be =ode of thu cullacto1 sa•plh,
alt;houZh no exact techniqu~s are kcown. There is no fractionation
of purtioles nor any particle size va. tiLr.e techa1q,•.

In general, the precipitator requires specialized auxiliary
olectro.alo equipzent (pter supply) and a good AC source. There is
no irforration on its behavior under conditions of highu hvxidity.
The ua• of high voltages uakes it a dangerous piece of equi-acnt es-
pecially so in wet clirmtes.

The preo ipitator ccmplete w.th high voltage power supply and

vacuiav equipl nt weighs about 40 pounds.

D.lO DIFFERENTIAL FALL-OUT COLLECTOR

The differential fall-out collector is an inprove:jnt of tha
fall-out tray in that fall-out variation with tire nay be doter.3rud.
The uae of slide@ for particle size analysis maskes tis a desirable
instru.:eit. The collector is oporated by a meoh'jioal clock whic•i
rotates a disc beneath a slotted cover in such rwaner as to collc9-
fall-out an the disc.

The lnstruLent is light weight (5 pounds), fairly rugged, and
ecaplote exoept for minor design changes. There appears to be an
lupropir seal on the oover which allows dust leakage. H& Lufo,.,atcl2
is available on the protection afforded against a wet, humid at.-o0-
phere.

D.AI CaICLO3ICI3 AND RHCCMFN TI0$S

lone of the sampliv'g equtj,:.nt disoussed here is entirely latte-
factory. Although sotr instrum-its approach the deeirsd types th)re
is a need for sampling equip ant to furnich the date listed In tae
introduction. In order to obtain suah improved oxeprinintal results
with greatero efficiancy and therefore econcay. the folloting ooInsid0r1-
tioes should be inaorporated into redesign of serpltng equip-ent.

(1) ?ermit alpha and/or beta plus guaa activity r..asuretantS
ataloud and fall-out @&*plee.

(I) Approaeh 100 per eent @ample *olleotioa effioiezy.

(3) Simple and accurate flow oelibration.
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(4) 1(ll adapted for hijh counting C)ozmtry with a mirnur1'
of manipulation.

(5) .Fep field inatallation effort at minina,,

(6) O.eration In set. hu',dd as well as hot, dry. or cold cli-
j•tes not affected by dust.

(7) •uttable for opsrstlon frnm stationqry Cround poFitMon aS
0 dla ar fowinh, -h.iolo or rircraft.

(8) 1,opired for rsrnote -ontrol of startine end 3topping --ech-

(9) Power requlrem*uts ijuitable for AC or DC cirouits to be
operated by battery or grnerator.

(10) KTp suaple pick-up tir-s .aort to allow rpid reccorery of
crmples from hilhly radio7-ctiv. fields.

(11) Allow quick rer-oval of oquipw:nt from field, vehicle or
Stiroraft.

(12) Frit & .plroc. tat of sf,:pling equip )ct as a unit-
furnish with plug-I.n receptacles for electrical as
''.11 as air and vaouia oonnections.

(13) F-duo* the need of tools in assembly, sampls pick-up,

. -nd roll-up ojperatienso

(14) AIlow shipmnnt via truck, express, or aircraft -uith a
i3nnuml of poklng.

116) tllow deooontainAtion by washing with hot IAter aud/or
&team@
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INI!MV! REPORT, APIY CHv-TIC)L COFS, COMTRACT NO.

DA-16.?O3.-VIL-25S2

with Trscorlb, Ira., R.D. Epplo, nrou-Mt Direot f 1

3.1 PM-FACE

This Interim Report contain# the experiLvatal results of the work on
JANGLE. together with the interpretations th•t can be made at this tir-,.
Sach of the three parts of the report are Independant uits, and hive there-
fore been assembled with this in mind. Each section oon3ists of a short
Introduction that iiidicatjs tk) p,,rpcee of the wcrk. This ti follo-yd by
the expuri-ental results and a disov-eicn of ths significrnee of ths rj-
fultj.

It is anticipated ttit the tin-. report will add to this report s'-
ficilzt Intor. atilc to pdr..it a thorough evaluitic:i of the reau-'.i. It
will iz:olude considurable detailed infor.:ktion about thv exjrl. :r.t.ol
prooodutes developed in this laborstory.

2.2 ACKNaTLU)X•PIMT

This report has been writton by the following m12bers of ths Trae,tlab
staff$

Charles Sher..an Counting Program and Decay Carv.s
Jam*es Shearer Particle Ses* Distributicn
Rotert Eppls Radioohc.I.trq

1, This report it reproduced here In Its eatirety# and Is edited oUly

with respoet to forrzt.
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.'3 CcUrrTING PROGRAM

The object of the oounting rogram was to measure the radicAotivIty
contained on filter papers which sampled the cloud under certain k-now.n
oovditic-is of o[zration. and to deternine the radioactivity as a funotion
of t1, s ufter ti,-zoro. These tao aspects of the program are necessary
for t.e oaluation of the radiation hazard to personne! in the vicinity
of an atu--ic exolosion. Soluticn of the raeistion hazard proble• also
rquires 1-no~h~dge of the distri'zution of sizes of the radioactive parti-
cles; this Fart of the problem. is treated on Section R.4.

,.3.1 Filter SaLr~ler Acti vity

Table !.2 and Table E.Z give the beta activity of each filter paper
received. These activities wore measured vith a %-rap around" counter
snt up xhich used a Trac-rlab TOC-SA tube. Each paper was wrapped around
a cylindrical lead jig of such diameter that it just fit over the tube.
The ,),ad jig had an opcning of 432c rhich faced tLe thin-walled (30
mg/ct 2 ) portion at the tube. Thus the reraining pert of the paper was

shielded frc the tube by the 1/8 inch thick wall of the lead Jig. end
the activity of 43 c 2 frem the central part of each paper was weasured.
Each 1aper rase left in its plastic bag for ootJmting to t-void contaw..Inating
the rtpp_.ratus. The effective abzorter thickmoss along radii of this
cylirircotl r.rrt:nV-,' 3nt is tten rpproxivateply 20 ug/cM2 of plastic plus
S0 "je:a 2 of rlass. A c.aller ere* %as _!,a•ured for scue of the tost
active paperae

In Tables 9.l and r2. the tire of each measurement is given in hours
after tiij-sero in the second colu-m. The activity of each paper (cpw)
corrected for baokgrc'0ind is given in the third colum. For purpose of
comparison it Is necessary to correot each activity measurement to some
standard tipe after tiro-tero. 600 hours after ti&A-sero has been used,
anl .aoh activity measurement corrected to this time by use of the
mesi ured dccay curves (see Figures E.1-E.5). F£t ch corrected aoti ity
(ioure: ,nt hse boun rultiplied by the aplropriatte area factor (100/43)

(Is t•e, ftctor in rost ctsee) glving the total bta activity of cach fVper
at rC,0 hcursi these reqults epp.atr In the fourth eolxa.m. This latter re-
sult t.as not culculated for thobei cases vh~re the uctivity was uxtreely
s.,!Il. Blrnk spacoe in the thlid coluri indicute that the observed ctunt-
Ing ri.to ,-es Icier th,•n the 1,cV-round rr.te.

Althou~h thse coirting set-up descrited l,*•ve has not been thorcughly
calibrated, it is kvo•-n that the disintegration rate is related to the
aou,,ting rate by the follcving approztsute equtions

dp- a IS (,p)..
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TABLE E.1

Filter Sar:.pler Counting Data, Surface Fhot

Tir.e or Count CP~ For ';bhole
SaLwple After To CPM Area at 600)

Hours Hours

S-D1-1 * 215 5013 3430
2 * 215 2.2
3 * 215 2.9

S-4X-1 not receiv'd -

2 602 '2.
3 603 2.5

S-7X-1 268 297 266
2 268
3 266 2.6

S-SX-1 26F 225 202
2 266 0.9
3 26e. -

S-9X-1 not received
2 604 0.6
3 605 5.7

S-lOX-1 194 71.3 43
2 194 .
3 194 -

S-15X-I 191 147.3 91
2 191
3 191 0.5

3-16X-1 196 155.6 95
2 196
3 196 -

3-21X-1 240 446.0 347
2 240
3 240 0.6

eThose numbers reoer in each case to the tirst,
second antI third ftilter papers collected at
eaoh station.

1.67 1



PRCOJET 2.5a-1

TOILE_ F.] (Coct'd)

Time of Couit CP1, For Who1e
Sa-ple After T o CPU Area at A00

Rours flours

S-22X-1 216 527 362
2 216 0.2
3 21F 0.8

S-23X-1 265 1284 1150
2 285 0.9
3 265 3.7

S-24X-1 240 532 415
2 240 -

3 240 -

S-27X-1 218 1918 13)0
2 218 0.2
3 218 9.4

S-29X-1 2V7 2022 2050
2 287 -
3 288 4.1

S-31X-1 244 -

2 245 -

3 263 0.8

TABLE 3.2

Filter Sa&pler Ccunting Data, ln'orground Shot

Saemple Time of CouUt CI'M CFM For 7,iole
After T3 Area at 600

fTours Hours

U-lOIX-1
2 not rectilved

U-104X-l 190 41.7 38
2 190 2.2

3 190 5.9 5.3
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TABLE E.2 (Cont'd)

Tirro of Count CPMf For Whole

Samnle After To CPMl Area at 600
Hours Hours

U-107IX-1 1940 3540 33,100
2 144 40.4 29
3 144 34.9 25

U-iO8X-1 1940 3070 342,000
2 384 13Cý 216
3 384 132 205

U-109X-1 1940 2343 21,900
2 169 34.7 27
3 169 43.7 34

U-!IOX-1 192 30.3 26
2 192 10.3 8.9
3 192 5.2 4.4

U-115X-1 165 6360 4940
2 1•5 10.4 8.2
3 165 17.1 13

U-116X-1
2 not received
3

U-121X-1 1940 3474 32,400
2 168 62.3 49
3 168 95 14

U-12?X-. 121 6.9 4.0
2 121 2.5
3 121 -

U-123X-1 1940 8635 642,000
2 433 389 650
3 433 1206 2010
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TABLE E.2 (Cont'd)

Tire of Count CPF' For Wohole
sanp]e After T CPU Area at 600

Hours Hours

U-124X-l 1940 3205 29,800
2 193 50.1 43
3 193 174 150

U-]27X-] 1940 4940 551,000
2 360 625 910
3 360 1970 2870

U-129X-1 I940 6640 622,000
2 167 782 608
3 167 12P0 995

Since our counting arr&ngei.ent has a such hi~her efficiency for beta
rays than gamma rays the activities listed in Tables F.l and E.2 are es-
sentially the bats activittes; it is stituated that 1/2-1%. of this is
due to gamma activity.

In order to measure the alpha activity of these rpere it is necessary
to obtain a very tht.i sample (not more than 2-3 mg/cmz). This has boon
done by dissolving a hicll portion of one of the most active papers from
each shot, and tvtporati2g the resulting solution on a platinim planchat
until the maximus allowable thickness has been obtained. The beta and
alpha activities of these seuiples will be measured and the alFha activity
of eLch of the other papers estimated by using this betat alpha ratio
Lad the measured beta activities. Nuclear track plates will be used to
rýaaure the alpha activity since this h'as provee to be one of the most
reliable mthods of mLewuring eipha activity. This work is in progress
althouoi rtsults are not available yet.

It can be seen from Tables E.1 and E.2 that the rajority of the activi.
ty is present on the first pftpor in the series of three papers. In the
oa,'s of U-10.X gnd U-J)OX, ho,:cter, the activity of the last paper in the
eorias (03) is cbout 16% of the aotivity of th, firet paper (#I). It
should be notod that tIýse t'o sota of V,.!,rs oa, * from adjacent stations
on ov0 side of the station la)out. The three papers from each of th3se two
sets were radio.utographed for 17 days beginning febrwry 4, 1952g in an

ettot.pt to investigate further the nature of the radioactive particles
which they ontt~ned. Althouh the aotivity of these papers was not great
enough to perAit any definite rtatemants to be r.ede fro. this type of in-
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vestiaticn, it was fo"un tnat toe number of spots on the radiojraphs of
the last papers in each -,'ic xab less than 157Z of the number of sp'ts
on the radioEraphs of th, 'irkst papers. fni. IL cr'zsitent with the
hypotheais that the particles on the last papors of the series are sa.all-
or than the particles on the first papers.

E.3.2 Filter §i•1er Activity D

Beta decay burvea for the designated papers were obtained with the
counting arrangement described previously and appear in Firures E.1
throu,,h E.7. Decay weasurr.,ents were taken an the ftihat paper in the
series of three since this one had the m&joritN of the activity. Paper
U-122X was received and counted, but did not contain enough activity for
decay measuremewts. In Figures E.1-E.7 counts per minute it given ot.
dotted curve drawn through each set of experivental points represents a
decay which it inversely proportional to the timel it is fitted to the
data at COO hours. This type of decay agrees with the Hunter and Ballou
results for fission product decay ftr times bet-ween about 100 and 900
hours, and is seen to agree approximately with the data hero. Foe times
greater ttan about 900 hours, thw data is seen to decay slightly faster thi'
the dotted curve which it also in agreement with the Hunter and Ballou
results. The data is given here up to about 1200 hours (50 Ixya) after
tir-zero; further data is being taken and will be givcn in a future re-
port.

E.93.3 Discussion

The data of Tables 1.1 and 1.2 when combined with the diagrams of the
station layout shoe the spatial distribution of the activity with resoect
to ground-soro. It is seen that the majority of the activity eacver3 only
two aras of the four-arned station layout systeu. and that in scas casss,
more activity was collected on tho distant papers than on the near ones.
Figures Egi-vo7 give the activity as a function oa time after tice-jero.
As we have seen, this data agrees well with the Hunter and Ballou results
for fiseion product decay for the range of times under oonsidoratiod. It
would be desirable for the purposes af evalwuting radiation hazards to
kno;. the shop* of the decay ouRve for a wider range of ti. thl-n hs tbeen
pozsible here. The data is being extended to longer times in those OalJ"
where the activity is suffioient. Although neasurements were bogun as
soon as the papore were received in this laboratory, the earliest dita is
between 100 and 200 hours after time-sero. Sines we have good agret-e1nt
with the Hunter and Ballou results for the range of tine over whioh the
measurerents were made, it is reasonable to assu;,e that our best apprcxi-
motion for earlier times is also the Hunter and Ballou results. One
qualification awt be madel when induced aotivities are present in ap-
preciable amounts, the decay erwve will differ frou that of Hucter and
Dallou results. RvIdeno. of such aetivity is seen In some of hh* flires
where the experiasntal ouve differs leum the dotted curve at early tiLes.
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5ie have presented data in this sectior whi'h .nen eoobir.d %:ith other
knwc; data (such as anount of air sampled per filter p-,per, po:itlon with
respect to ground-sero. prevailing atmospheric aud wind conditions, etc.)
can be used to evaluate the radiation hazard to personnel in the violnity
of an atomio explosion at various times after th5 explosio.

3.4 PARTICLE SIZE DISTRIBUTIaMS

E.4.1 Radicactivs Particles

These ps-tioles vcre fourd by first dispersing the filter ps-per fi-
ber. with a needle in a 1--yer of collodion on a glass slide, and then
ra•io-utogruphing the slide. The developed film was realigaed rith the
slies and P se-rdh rc-de v.,der each "spot". If the field of view was
tooro',.dLd, thit area of collodion v.as redisp3rsed and radioautographed
avine Most of the pixtioles were found to be spherical, bAt we found
more irreaular shapes on JA1GLE than on previouz tests. When a particle
has bun found, its diai.eter is measured, and its appi-oxirate color and
shrse are noted. The disa-.ters of all the pQrticles found are then
clarsod into groups suoh that all partioles of Croup i have diaaotars
D &uch thats

Di -AD<4D S Di 4. 4D(~

wh~re the group width AD Js 0.5 ior-ers.

If Nj is the nitber of prrticles in the ith group, then the total
nu.t.'r i is siply:

N N d dD (S.2)

where we have me-de the assuiptio#-that the size distribution will approach
a sa :oth curve as N bccu:es large.

The reLulte for Ni vs Di are chomn in E.V for the rurface :hot, Sta-
tic.9 29, and $0, and t'iC. 1P.9 for the undorteound shot Stations 129 and 130.

T,7.re ,r coyvtral courovs of error in our Y ,r.rurk-:z-t. First, the

rnidlo..utogrt.ph rill not give a vicible ,pot :,.n the 1,Lrticle is weakly
redloac"live. %his jnis thbt as t'i- F:.rticle diai-eter beco:.es cr.aller, the
effiol icy of recovery cccr.i.ses. Secoad, the difficulty of seeing a
p.rtiole inere-ses as the dir'eter drcrejes. further lowering the effi-
ielc.oy of recoecry. Fntl, r ore, it is not posible to correct for these

effects in a quantitativ*e i.y, since all the fsctors Livolved are not con-
pletely under our co-itrol. It is our Ceeling, based on pest experience,
that %d can ahlays reccr:or p.'rticles of diameter D> 4 microus with 100%
efficljC.1Cy In sore CjCC9Al oc..es this limit c&n be decreased.

- 1'72•



r RVJ•ET 2.5a-1

co 0 0

00

w
I\ 0

z\N 0
\0

St t o 10 ....... hot

oo

200 400 600 900 I0

TINE IN HOURS

Aig. go3 Bet& Deoay Curves First Filter Parer of Filter Sepl-er it

Station 1, Surface Shot.

10

\ -..

-173



WCJECT 2.5a-1

K7L I I

\ ot

No
1- \ o

'40 0

-10

200 400 000 8009000
"TIME IN HOURS

Fig. 3.5 leta Deoay Cure*, First Filter Pb1 er of Filter Sarpler at
Staticn 162 Suface Shot.

\1

I
+ 40 -
S16"1 0

" -- •0 b• 9•• ......

UOI OR
LiU |4Ot os uro to itrP~r f itrSalrm

Ctro 2 ure ht

-07LUb



.••,J•T2.5a-1

\0

2-i3 _____

w
Ss 27-I

200 400 600 G00 1000
TIMF IN HOURS

Fig. g.5 Beta Deoay Cutve, First Filter Paper of Filter S@,.p]"r at
Station 27, Suwfac- Shot.

ON

U'--

TRIE IN "OURS
FigC 1.6 BNta De.y Curve. Ptirt Filter Paper of Filter Sempler at

Stott** 119, MuderGrmd 5Sht,

a175I I



P__GJ__ _•_C 2.1a-1

0\

o•,~I --

0 0'

4 I.0-.=IU- __ U127-I 1 0________ i i

200 400 600 600 1000
TIMAE IN HOURS

Fir. E.7 Beta Docay C'e, r'trdt Filter Fat4-r of Filter Serapler at
Station 127, V.,derGruund 3hot.

It should also be r.entluned that the upper lmit, oft tho .!ze distri-
butioa ourve is detertnined by the tota! number of particles which are
mazurod. It 0,000 pnrt~cles were mwestBed Instead of 1000 ame cý,uld exe
tend the dlstrlhutlon curve to slightly larger diameters.

We now Werine tih ast& distribution ftmotion Pa

P is the pr(d, tillty of finding one partiole of the porula-Aon of' N
puttcles ..ose d-,er.ctrr 4s tretter then D and Is-$ th•n D dD. s.nce
we Lelieve tost the eflc •kncy of recove'ry for mrticles larger than 4
ricr no Is t u,,'y ra,-Ortnt, the slope (dP/c.D) of our else dimtributiton
curve will h~e e-'pel to th. 3lope of the true st:e distribution withiux
e[perir..ntal errors. It will be conenit-Tat to define two new parsuimtero

7 (P.4)
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TABIZ E.3

PADIGACTIVE PARTICLE SIZE DISTRIBUTJ CN PARAMETERS

Filter Paper b (Ln!crcn&) n Rai-4e of Sizes of Most

____t____T- • . und (ino

S-26M 2.5 2.8 3-11
S-ZOM 3,8 1.6 3-9

U-129M 2.4 1.4 2-6
U-i$ou 7.0 1.0 2-12

Surface 3 2 3-9

'Undergrcund 6 1,3 4-12

In geneal, the parameters b and a are functions of the diameter DI
two &.peoial cases are of interest, however:

()b - (onset) e'D/b (E.6)

(P)n rcost g (cc•st) D-n (E.7)

To deteraine b Lnd n from the experiment, we notice that to given by
the negative of the slope of a plot ot loe P vs D, and (-a) iosthe slope
of the plot of log P ve log D. Drweing the best straiht h lines through
the experivental points givis us our best estiantes of n and b in the
else rang* studied.

The oxperiwantal "ftlues of b ond n are rer.rtrA in Table E.3 whmre
results obtained for two AFWIT Papers are also sho%.n for oostrarison.

?,4.2 "Cioas" PjirtAclem

At the euroetlon of Col. Pobbine the pqrtiele group attezrpted to find
the size distribution of all ptrtiolen collected on filters U-129X1 and
U-O11l, not JSL*t the radio~ctiv¢ perticles. Actio portions of theoe
tiltur paers were disp, reed on eless slide* @ . all purtioles obser#.d
wader the mioroecope we,. muesured for "diameter". In this cose the defti-
nition at "diameter* Is ý*e lonttt observable dimenston. For couparison

purjoues we also pre;*red "blonke'. "Filter p.:;cr blanks* were simply
smars of the collodion which .as wreed for dispersal purposes.
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ThV result of this worl. was that all three types of am. plis contained
the axae number of particles per unit area. and, as one would exr,,ct frem
this result, all three had the sa~e size a.-d color distribution. Our
coniclusion, then, is that we reasured mostly laboratory dust. and that
the standards of olearlinzess necessary for this work are much hi?,her then
for radioactile particle work.

This work was repeated on AF'CA filter nu-.ber U-13-B, whic" wd3
10 ti:.-ss ax radioactive per unit area-as ACC filter U-129X1. ThL rnjult
was again fotmd to be neptivc.

In view of these disappointing results, ths only result that can be
quoted is an upa." linit to tne znumber of inactive particles prcsmnt per

radioActive particle. Frcm tha work doni on AFQT filter U-13-B, one
aCan say that there are fewer than 104 ncnredioactive particles per radio-

active particle, where nonradioactive particles are defined as being op-
ticAlly detectable ( 1 ), and where radioactive particles are defined
as being optically detectable ano as having sufficient activity to pro-
duct a spot an photographio film. The work on ths ACC filters vould give
high.r upper limits, due to the fact that• less debris was collectad on
th"n.

E.5 RADIOC•EMISTRY

E.5.1 Introduction

The original purpose of this part of 1he program was to establish
the shape of the fission yield curve by radloohemioal analyses for those

elements occurring at s;;eral points of' inflection of the curve. The

slownto ohosen were 9o * Ba 140, Br 8 9 , Agill, Cdll, and Cs13-137e

It wV5 originally considered that an upvard displaccant a' the curve In

the neighborhood o! Cd was indicative of the relesse of laree nlLbbers I
of neutrons, while horizontal displacemnts of the slopes of the Curve
(such as that inoluding Ag) could be used to identify the fissionable
material. Although therm is no reason to use chemical analysis to an-
suer this latter qiestion about our own bombs, it has always been rec-
ogni:ed that the successful applicaticn of thWie tests to debris frcri

rorsign banbs ,ruld require that t ese tests be applied to bo'bi of
Tw ~tissionable content.

A gradiuSlly increasing uncertainty has arises because of the frae-

tionration of activit7 associated rith debris from explosions of ato4l@
weapons.if

'.7,
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An examination of the results prearntpd in the tables that follow
will show that frrctiozatian in JANGLIF occurred to sa'ch an exttmt that
it is impossible to associate a counting ratio with a particular shot
unless the origin of the sample is known. In addition to the saxplus
suiPTs-Oe-rro-'RA"Tt e* t[ns-se` - s-•Frf-7 this contract, other sarples
frcm Air Force collections and an indepnreent cource hive been analyzed
and ar,% reported in these results.

F..!.2 EXp3rizntal DAtaUl

The results that are incorporated here are coiriting rates of stand-
ard ueighing foran of th elements involved, corrected for decay by
extrrpolation bacbh-ard to the kcown time-zero fqr each asot. Although
the decay sur-es ore not inolueed iu this Interim report, they have
been carefully chacked and in all cases (except two enrly experviesenta on
Sr 8 9 ) have shown decay rates that correspond very closely to those
recorded for each nuolido.

The coanting rates have also been corrected to zero-thickness by
comparison against precipitate-thiokneiis curves *hat were determined as
part of the preparation frr this contract. It is hoped that the ccunt-
ing-r.-te ratio@ (e.g. the Cdll5 ratio) ray be compared with the same

ratios measured on the products of an irradlition of normal U30 8 by
therr- l neutrons. In this lay, the results frem differLnt laboratories
may be inter ojared without tedious ai-d vulnerable attcmpts to re-
duce counting rates to disintegration rates.

E.5.3 Precision of Results

The oounting of saiples was controlled by the standard statistical
procedures used i radiocheaistry. As a rule, the precision of the re-
sults is estimated t? about 5%. In those cases vwhere the countinr rate
was very low, there will be included in parenthesis ianadiately aft,.r
the cctnting rate, the nint-tentho error converted to percontiage of the
oounting rate. For exam,ple, the oounting; rate of Cd1l from srr..ple
S-16-L is recorded in Table E.4 ' 6(?3%). This xoans that tho total
numtcr of counts per m.inute of Cd1'6 (extrapolated to time tero and
corrected to zero thicknoes of pr,.cipitLte) is 66. and that this nu-ter
has one ohince In ten of L Inr to error bv 201.

Standard fbotors rre t.-sen (free a standard Bj 2 lO source) on each
counter each working day in this laboratory. Moreover. a carefal ohick
has bees Imp% of the backrround during the lIst five months, and a st ift
of as mu" as 3 ep* would be cLuse for concern. This constanoy of Lack-
ground has been achieved by pl-cing 2-lach bricks or lead under the maanu-
&I sr.rple ohtogers, tli ereby reducing to a saall fract•on tbose erret t.,at
eoe from other sources of radloLctiity that are hardled in the ager.er-t.
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In Tablas E.4 and 9.5 are listed the extrapolated counting rat i. fcr
the total sample of each *lemrat ara•lyzed. Tests of the filters shcYod
that there was virtually no activity on the secord filter paper frci ctch
station. However, both first and second papers were treated by thA
standard dissolution procedures.

The standard practice of laboratories working on these elo=ent- i",
to record the ratio of the counting rate of each e13iat to the Mo9 ,
These are also inc!uded in Tables 1.4 and E.5.

E.5.4 Surface Shot (T is Nov. 191700)

The amcunt of activity collected at the four stations listed bqlc.t
was quite smalls

Station Gross B Coumt on Nov.24

3-13-L 151 X 103 OF&
S-14-L 53 x 10 3 cP2
S-15-L 64 " 106 oea
$-16-L 165 x 10 oas

As a result, the counting rates of Cd and Ca were so 1o.. týt toy

have little significance.

E.5.5 Underground Shot (To is Nov. 292000)

The distribution of activity from this shot followed a very unexpoted
pattern. A heavy surge must have gone from ground-zero in the directicn
toward Station U-114, because the amount of activity collected there u's
many times greater than that collected at eny of the other three stations
included here. Except for this station, gross B activity collected at
the other stations was oompareble in amount to that collected on the sur-
face shot.

In addition to the four samples from the ACC stations, activity was
analysed from a close-in Air Force paper. The paper was dividCd into
three parts and the different elements snalyzedj each one referred to

Me99 . It was assumed here that the distribution of activity (be to eAch
neulide wo-'ld be independent of that part of the paper taken for arnaysi4,
It In no. thought (from other results) that this assuaption ts not al-

ways strictly true,

Oan other soooee of activity collected imdependently. was also Sfa-

lysed. but the results of this analysis will be eiven it the firal report
because there is scm uncertainty ihother the sample (a partiale resembling
slag) eantiams debris frrom the surface an #,be u-dergroad shot.
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In Table ,E. are listed the results from the underground shot. These

are presented in the same gerral pattern as those frt.z the surface shot.

E.5.6 Di.-cussion and Conclu.nions

Th distinctive fact about these ratio@ is their variation. Although
the precision of the reasurement Is soneti'!.es low because the total
&iount of activity was low, there were several canples rhere tie count!ng
levels neze high enough to make the razinun error less than 56%. In the
und-rrLrcuzd shot, for er .ple, tho statietical errcrs on the cairples from
Statd x-. U-114-L r-nd the Air Force paper wre 1 or 2%. The great variations
in the AL/Ijo mad Cd/Lo ratica at these sttions t-.at be cc¢sidored accurate
to .. thin 3 or 4 %. The.se reaults confirm the earlier evidence for frctiona-
tion, a term that this l,.boratory has until recently ccmsIdered to be a
soapiesat for difficulties arlsing in the course of the analysis.

,.I
Cb:e the reality of fractic-intion has been established, the use of

rc.diochem1cal results to eitablish fission-yield curves is seen to be
hioly vulnerable. There is. boitver, one Interesting ratio that ap-
pears to be useful in ioa'atifying a shot. This ratio is the Aglif
Cd 1 1 5 ratio, and a survoy of a considerable saov-nt of data from former
c}ots .;how# a re;.ixrkabloe coutciot-ncy in the v7lues of this rLtio. In the
ease of JKAGlO, we have the folloaing AgJCd ratios:

Station

Surfaee Shot S-13-L
S-16-L

The coumting data or $-14L and S-15-L is not suffioiently precise to
give a valid ratio.

Stati on

U-114-L 1
Underground Shot U-115-L

Air Fore*

'.Uan oe coneiders the great vartations in the AJVo ani CdA!o ratios
in Tables E.4 "d I.s. it uculd at f1trt ceec remarkable that the A&/Cd
ratios are as owotsstent a# they are. But this ti seen to be plausible
(tlhýugh not at all neceseary), It one oonsiders the relative volatilities
of Pd, Ag aud 04 oxides that are formad by the end of the first second in

an tttmie eplosol.on. In fast, win we *o•site.r the ,..riodio mtrlsticn in
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the volatility of oxides of the elements, we are led tQ wake a hypot.esis

that will certainly be subjected to an oxhau3tivc trial-r.itmgly, t.., t

fissicn-product ratios will be most cosistent wh-n they in7olve pre-

ocusors and final radioactive deugtters th"t hav similar volatilition.

This is a ratl[et orud3 h)pothesis. and it will likely be considerably

refired. It ignores t1-i in!luence of variatic-nt in t)., ha]f-1i-ve of ti--

precursors as well as several other relativel abstru e pointc of na:letr

pl-ysiom. Certairnly. he oorrti.cy of the A7/Cd ritios is consiotnt with

this hypothesis.

The solution to the proble'- of fractionaticn will require an inte-

grated effcrt by chemists, physicists, and nucloar physicists enigagd in

this vork. It is ossentially an atterpt to treat rationally tho ec,•iL'%-

tion of events that car give rime to such variations in radioch-irical dis-

tribution as tho" fb•z•d in the aalysis of Jangle debris. The pro~ra

Is being initiated in this laboratory beoause we realize that it is a

problem at aentral irportanco in the analysis of atorki bcab debris and

the interpretation of the results.
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